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Issued: November 21, 2006 RECEIVED 

Inventors: Peter Francis Daniel . 

Assignee: Shire Human Genetic Therapies, APR 2*2 2010 

Inc PATENT EXTENSION 

Title: HIGH MANNOSE PROTEINS AND METHODS OF MAKING HIGH OPLA 

MANNOSE PROTEINS 



CERTIFICATE OF EXPRESS MAILING UNDER 37 C.F.R. SI. 10 

The undersigned hereby certifies that this document was deposited with the U.S. Postal Service on 
April 22, 2010 for express mailing in accordance with §1.6£a)(2). 



.aurie Butler Lawrence, Reg. No. 46,593 



TV m _ •! O a I W a 1 7 r»rriT-( 

man ^iop naicii- waxman nr. 

Commissioner for Patents 

P.O.Box 1450 

Alexandria, VA 22313-1450 

APPLICATION FOR EXTENSION OF PATENT TERM UNDER 35 U.S.C. § 156 

Applicant, Shire Human Genetic Therapies, Inc. represents that it is the Assignee 
of the entire interest in and to United States Patent No. 7,138,262 Bl granted to Shire 
Human Genetic Therapies, Inc. on the 21st day of November 2006, for "High Mannose 
Proteins and Methods of Making High Mannose Proteins" by virtue of an assignment 
from Peter Francis Daniel to Transkaryotic Therapies, Inc., recorded in the U.S. Patent 
and Trademark Office at Reel 01 1 662, Frame 081 5, on March 28, 2001 , and from 
Transkaryotic Therapies, Inc. to Shire Human Genetic Therapies, Inc., recorded in the 
U.S. Patent and Trademark Office at Reel 018224, Frame 0390, on August 31, 2006. 

By the Power of Attorney enclosed herein (Attachment A), Applicant has 
appointed several individual attorneys, including Laurie Butler Lawrence, as attorneys for 
Shire Human Genetic Therapies, Inc. with regard to this application for extension of the 
term of U.S. Patent No. 7,138,262 Bl and to transact all business in the U.S. Patent and 
Trademark Office in connection therewith. 



In re U.S. Patent No.: 7,138,262 Bl Attorney Docket No.: S2071-701019/0013US 

Issued: November 21, 2006 
Inventors: Peter Francis Daniel 
Assignee: Shire Human Genetic Therapies, 
Inc. 

Title: HIGH MANNOSE PROTEINS AND METHODS OF MAKING HIGH 
MANNOSE PROTEINS 

Transkaryotic Therapies, Inc. became Shire Human Genetic Therapies, Inc. on 
January 17, 2006. Shire Human Genetic Therapies, Inc. is the holder of the regulatory 
approval granted with respect to the regulatory review period relied on herein. 

Information Required Under 37 C.F.R. S L740 

Applicant hereby submits this application for extension of the patent term under 
35 U.S.C. § 156 by providing the following information required by the rules 
promulgated by the U.S. Patent and Trademark Office (37 C.F.R. § 1 .740). For the 
convenience of the Patent and Trademark Office, the information contained in this 
application will be presented herein in a format which follows the order of the 
requirements of Section 1 .740 of Title 37 of the Code of Federal Regulations. 

(1) Identification of the Approved Product [L740(a)(l)] 

The approved product is VPRIV™ The name of the active ingredient in 
VPRIV is velaglucerase alfa for injection. Velaglucerase alfa for injection is a 
hydrolytic lysosomal glucocerebroside-specific enzyme indicated for long-term 
replacement therapy (ERT) for pediatric and adult patients with type 1 Gaucher disease. 
The active ingredient of VPRIV is velaglucerase alfa, which is produced by gene 
activation technology in a human fibroblast cell line. Velaglucerase alfa is a glycoprotein 
of 497 amino acids; with a molecular weight of approximately 63 kDa. Velaglucerase 
alfa has the same amino acid sequence as the naturally occurring human enzyme, P- 
glucocerebrosidase. Velaglucerase alfa contains 5 potential N-linked glycosylation sites; 
four of these sites are occupied by glycan chains. Velaglucerase alfa is manufactured to 
contain predominantly high mannose-type N-linked glycan chains. VPRIV is supplied 
as a sterile, preservative free, lyophilized powder in single-use vials. Following 
reconstitution with Sterile Water for Injection, USP, the solution contains the components 
listed in Table 3 of the package insert, which is provided in Attachment B (a copy of the 
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package insert is also provided as an enclosure to the NDA approval letter from FDA to 
Shire Human Genetic Therapies, Inc., dated February 26, 2010 in Attachment C). 

(2) Federal Statute Governing Regulatory Approval of the Approved 
Product [1.740(a)(2)] 

The approved product, VPRIV , was subject to regulatory review under § 505(i) 
and §505(b) of the Federal Food, Drug, and Cosmetic Act (21 U.S.C. § 355(i) and § 
355(b)). 

(3) Date of Approval for Commercial Marketing [1.740(a)(3)] 

The approved product, VPRIV™, received permission for commercial marketing 
or use under Section 505(b) of the Federal Food, Drug, and Cosmetic Act on February 
26, 2010. A copy of the NDA approval letter from FDA to Shire Human Genetic 
Therapies, Inc., dated February 26, 2010 (with enclosure), is provided as Attachment C. 

(4) Identification of Active Ingredient and Certifications Related to 
Commercial Marketing of Approved Product [1.740(a)(4)] 

The only active ingredient in VPRIV is velaglucerase alfa for injection which, 
on information and belief, has not been previously approved for commercial marketing or 
use under the Public Health Service Act, the Virus-Serum-Toxin Act or the Federal Food, 
Drug, and Cosmetic Act. A copy of the package insert describing the approved product is 
attached (Attachment B). 
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(5) Statement Regarding Timeliness of Submission of Patent Term 
Extension Request 1 1.740(a)(5)] 

This application for extension of patent term under 35 U.S.C. § 156 is being 
submitted within the permitted 60-day period pursuant to 37 C.F.R. § 1 .720(f). The last 
day on which this application can be submitted is April 26, 2010. 

(6) Complete Identification of the Patent for Which Extension Is Being 
Sought [1.740(a)(6)] 

The complete identification of the patent for which a term extension is being 
sought is as follows: 

Inventors: Peter Francis Daniel 

Patent No.: 7,138,262 Bl 

Filing Date: August 1 8, 2000 

Issue Date: November 2 1 , 2006 

Expiration Date: August 18, 2020 

(7) Copies of the Patent for Which an Extension is Being Sought 
[1.740(a)(7)] 

A copy of U.S. Patent No.: 7,138,262 Bl is provided as Attachment D. 

(8) Copies of Disclaimers, Certificates of Correction, Receipt of 
Maintenance Fee Payments, or Reexamination Certificate [1.740(a)(8)] 

(a) U.S. Patent No.: 7,138,262 Bl is not subject to a terminal disclaimer. 

(b) No certificate of correction has been issued for U.S. Patent No.: 7,138,262 Bl . 

(c) The first maintenance fee for U.S. Patent No.: 7,138,262 Bl will be due with 
a payment of the surcharge on May 22, 2010. This maintenance fee has been paid as 
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shown in the copy of the USPTCTs on-line record of patent maintenance fee payment for 
this patent which is attached (Attachment E). 

(d) U.S. Patent No.: 7,1 38,262 Bl has not been the subject of a reexamination 
proceeding. 

(9) Statement Regarding Patent Claims Relative to Approved Product 
[1.740(a)(9)] 

The following claims of U.S. Patent No. 7,138,262 Bl claim a method of 
manufacturing the approved product, VPRIV™: claims 1-4, 12-18, 23, 26-38, 48-54, and 

D /-Ol. 

(iii) Pursuant to M.P.E.P. § 2753 and 37 C.F.R. § 1.740(a)(9)(iii), the following 
explanation is provided which demonstrates the manner in which at least one such patent 
claim reads on the method of manufacturing the approved product, VPRIV . 

Description of the approved product and the method of manufacturing the same: 

Velaglucerase alfa for injection is human P-glucocerebrosidase produced by gene- 
activation in immortalized human fibroblast HT-1080 cells. Gene activation refers to the 
introduction of an exogenous promoter into the cell that activates the endogenous human 
P-glucocerebrosidase gene. The activated gene expresses human p-glucocerebrosidase. 
P-glucocerebrosidase has 5 potential N-linked glycosylation sites, four of which are 
occupied by glycan chains in velaglucerase alfa for injection. 

Glycosylation of velaglucerase alfa for injection is altered by culturing the cells in 
the presence of kifunensine, a mannosidase I inhibitor, at 2 jag/ml. This results in the 
secretion of human p-glucocerebrosidase containing primarily high-mannose type glycan 
chains having 6-9 mannose units per glycan chain. The cells are cultured under 
conditions wherein: 
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the mannosidase inhibitor prevents removal of one or more al ,2 mannose 
residue(s) distal to the pentasaccharide core; the removal of one or more mannose 
residues distal to the pentasaccharide core is prevented on at least two carbohydrate 
chains of hmGCB; at least 60% of the high mannose glucocerebrosidase (hmGCB) of the 
preparation have three or more carbohydrate chains in which the removal of one or more 
mannose residues distal to the pentasaccharide core has been prevented; at least about 
60% of the hmGCB of the preparation have one or more carbohydrate chains having at 
least eight mannose residues; the mannosidase inhibitor further prevents the removal of 
one al,3 mannose residue distal to the pentasaccharide core; the mannosidase inhibitor 
further prevents the removal of one al ,6 mannose residue distal to the pentasaccharide 
core; the mannosidase inhibitor prevents removal of at least three mannose residues distal 
to the pentasaccharide core of the precursor oligosaccharide of GCB; at least 60% of the 
hmGCB of the preparation have one or more carbohydrate chains in which the removal of 
three or more mannose residues distal to the pentasaccharide core has been prevented; at 
least 60% of the hmGCB of the preparation have one or more carbohydrate chains having 
at least eight mannose residues; and at least about 80% or more of the carbohydrate 
chains of the hmGCB preparation have six or more mannose residues. 

Velaglucerase alfa for injection is harvested from media in which the cells are 
cultured. 

Velaglucerase alfa for injection is secreted as a monomelic glycoprotein of 
approximately 63 kDa and is composed of 497 amino acids with a sequence identical to 
the natural human protein. The amino acid sequence of velaglucerase alfa for injection is 
described in Zimran et al. (2007) Blood Cells Mol Dis, 39:115-11 8. Velaglucerase alfa 
for injection contains 5 potential N-linked glycosylation sites; four of these sites are 
occupied by glycan chains. 



1019686 



6 



In re U.S. Patent No.: 7,138,262 Bl Attorney Docket No.: S2071-701019/00I3US 

Issued: November 21 , 2006 
Inventors: Peter Francis Daniel 
Assignee: Shire Human Genetic Therapies, 
Inc. 

Title: HIGH MANNOSE PROTEINS AND METHODS OF MAKING HIGH 
MANNOSE PROTEINS 



A summary of the glycan structure, and other aspects of velaglucerase alfa for 
injection, is provided in Brumshtein et al. (2010) Glycobiology 20(l):24-32 as 
Attachment F. See, e.g., Table III, therein. 

As is discussed below, claims 1-4, 12-18, 23, 26-38, 48-54, and 57-61 of U.S. 
Patent No. 7,138,262 Bl read on the method of manufacturing the approved product. 
The claims are set out in the left hand column of the table immediately below. The 
method of manufacturing the approved product is described in the right hand column and 
compared with the claim. As is shown, the approved product meets all of the limitations 
of each of claims 1-4, 12-18, 23, 26-38, 48-54, and 57-61 and claims l-4 5 12-18, 23, 26- 
38, 48-54, and 57-61 cover the method of manufacturing the approved product, 
VPRIV™. 



1 . A method of producing a preparation of 
high mannose glucocerebrosidase 
(hmGCB) comprising a carbohydrate chain 
having at least four mannose residues, 



comprising: providing a mammalian 
cell that expresses a human 
glucocerebrosidase (GCB); 



VPRIV™ includes at least two 
glucocerebrosidase (GCB) proteins that 
have at least one carbohydrate chain having 
four or more mannose residues. See, e.g., 
page 24, column 1 of Attachment F, "the 
predominant glycan on velaglucerase alfa 
is a high mannose type, with nine mannose 
residues". See also Table III and Figures 7 
and 8 of Attachment F. See also the 
description of the approved product and the 
method of manufacturing the same in this 
section (9)(iii). 

VPRIV is produced in a human cell line 
that expresses human glucocerebrosidase 
See page 24, column 2 of Attachment F: 
"we have used gene activation in a well 
characterized, continuous human cell line 
to produce gene activated human acid-p- 
glucocerebrosidase (velaglucerase alfa).' 5 
See also the description of the approved 
product and the method of manufacturing 
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the same in this section (9)(iii). 



and 



contacting the cell with kifunensine; 
allowing the cell to produce hmGCB; 



harvesting the hmGCB from the cell 
or its culture media, to thereby produce an 
hmGCB preparation. 



The human cell line expressing VPRIV 
is contacted with kifunensine and the cells 
secrete VPRIV. See page 24, column 2 of 
Attachment F, "glycosylation of 
velaglucerase alfa is altered by using 
kifunensine ... during cell culture, which 
results in the secretion of a protein 
containing predominantly high-mannose 
type glycans" See also the description of 
the approved product and the method of 
manufacturing the same in this section 
(9)(iii). 



VPRIV™ is harvested from the cell culture 
to produce a preparation with at least two 
glucocerebrosidase proteins having at least 
one carbohydrate chain having four or 
more mannose residues. See also the 
description of the approved product and the 
method of manufacturing the same in this 
section (9)(iii). 



Therefore, the method of making VPRIV 
meets all of the limitations of claim 1 and 
the claim covers the method of 
manufacturing the approved product. 



TM 



2. The method of claim 1 , wherein removal 
of one or more al ,2 mannose residue(s) 
distal to the pentasaccharide core is 
prevented. 



As discussed above for claim 1 , the method 
of making the approved product meets all 
of the limitations of the base claim. 

VPRIV™ includes at least 2 GCB proteins 
that have one or more mannose residue 
distal to the pentasaccharide core present. 
See the description of the approved product 
and the method of manufacturing the same 
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in this section (9)(iii). 

Therefore, the method of making VPRIV 
meets all of the limitations of claim 2 and 
the claim covers the method of 
manufacturing the approved product. 






3. The method of claim 1, wherein the 
kiftinensine is present at a concentration 
between about 0.05 to 20.0 jig/ml. 


As discussed above for claim 1, the method 
of making the approved product meets all 
of the limitations of the base claim. 

Kiftinensine is present at a concentration 
2.0 ug/ml in the method of making the 
approved product. See the description of 
the approved product and the method of 
manufacturing the same in this section 
(9)(iii). 

Therefore, the method of making VPRIV™ 
meets all of the limitations of claim 3 and 
the claim covers the method of 
manufacturing the approved product. 







4. The method of claim 3, wherein the 
kifunensine is present at a concentration 
between about 0.1 to 2.0 jxg/ml. 


As discussed above for claims 1 and 3, the 
method of making the approved product 
meets all of the limitations of the base 
claims. 

Kifunensine is present at a concentration of 
2.0 [ig/ml in the method of making the 
approved product. See the description of 
the approved product and the method of 
manufacturing the same in this section 
(9)(iii). 

Therefore, the method of making VPRIV™ 
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meets all of the limitations of claim 4 and 
the claim covers the method of making the 
approved product. 







1 2. The method of claim 1 , wherein the 
removal of one or more mannose residues 
distal to the pentasaccharide core is 
prevented on at least two carbohydrate 
Liiaiiio ui nrnvjv^o. 


As discussed above for claim 1, the method 
of making the approved product meets all 
of the limitations of the base claim. 

iVliUIlCIlbillC all lllillDllUl UI CllUUpJabllUC 

reticulum mannosidase I and Golgi 
mannosidase I enzymes (see column 23, 
lines 48-51 of the '262 patent) that prevents 
the removal of one or more mannose 
residues distal to the pentasaccharide core, 
(see, e.g., Fig. 7 of Attachment F which 
shows the predominant glycan structure 
present on the GCB in VPRIV™). See 
also the description of the approved 
product and the method of manufacturing 
the same in this section (9)(iii). 

Therefore, the method of making VPRIV™ 
meets all of the limitations of claim 12 and 
the claim covers the method of 
manufacturing the approved product. 







1 3. The method of claim 1 , wherein at least 
60% of the hmGCB of the preparation have 
one or more carbohydrate chains in which 
the removal of one or more mannose 
residues distal to the pentasaccharide core 
has been prevented. 


As discussed above for claim 1, the method 
of making the approved product meets all 
of the limitations of the base claim. 

At least 60% of the hmGCB of the 
preparation have one or more carbohydrate 
chains in which the removal of one or more 
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mannose residues distal to the 
pentasaccharide core has been prevented. 
See the description of the approved product 
and the method of manufacturing the same 
in this section (9)(iii). 

Therefore, the method of making VPRIV™ 
meets all of the limitations of claim 13 and 
the claim covers the method of 
manufacturing the approved product. 






14. The method of claim 13=, wherein the 
removal of three or more mannose residues 
distal to the pentasaccharide core has been 
prevented. 


As discussed above for claims 1 and 13, the 
method of making the approved product 
meets all of the limitations of the base 
claims. 

The removal of three or more mannose 
residues distal to the pentasaccharide core 
has been prevented. See the description of 
the approved product and the method of 
manufacturing the same in this section 
(9)(iii). 

Therefore, the method of making VPRIV™ 
meets all of the limitations of claim 14 and 
the claim covers the method of 
manufacturing the approved product. 







1 5. The method of claim 1 , wherein at least 
about 20% of the hmGCB of the 
preparation have one or more carbohydrate 
chains having at least eight mannose 
residues. 


As discussed above for claim 1, the method 
of making the approved product meets all 
of the limitations of the base claim. 

At least about 20% of the hmGCB of the 
preparation have one or more carbohydrate 
chains having at least eight mannose 
residues. See the description of the 
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approved product and the method of 
manufacturing the same in this section 
(9)(iii). 

Therefore, the method of making VPRIV™ 
meets all of the limitations of claim 1 5 and 
the claim covers the method of 
manufacturing the approved product. 






16. The method of claim 15, wherein at 
least about 40% of the hmGCB of the 
preparation have one or more carbohydrate 
chains having at least eight mannose 
residues. 


As discussed above for claims 1 and 15, the 
method of making the approved product 
meets all of the limitations of the base 
claim. 

At least about 40% of the hmGCB of the 
preparation have one or more carbohydrate 
chains having at least eight mannose 
residues. See the description of the 
approved product and the method of 
manufacturing the same in this section 
(9)(iii). 

Therefore, the method of making VPRIV™ 
meets all of the limitations of claim 16 and 
the claim covers the method of 
manufacturing the approved product. 



1019686 



12 



In re U.S. Patent No.: 7,138,262 Bl Attorney Docket No.: S2071-701019/0013US 

Issued: November 21, 2006 
Inventors: Peter Francis Daniel 
Assignee: Shire Human Genetic Therapies, 
Inc. 

Title: HIGH MANNOSE PROTEINS AND METHODS OF MAKING HIGH 
MANNOSE PROTEINS 







17. The method of claim 16, wherein at 
least about 60% of the hmGCB of the 
preparation have one or more carbohydrate 
chains having at least eight mannose 
residues. 


As discussed above for claims 1,15 and 
1 6, the method of making the approved 
product meets all of the limitations of the 
base claims. 

At least about 60% of the hmGCB of the 
nrenaration have one or more carbohvdrate 
chains having at least eight mannose 
residues. See the description of the 
approved product and the method of 
manufacturing the same in this section 

v / \ / • 

Therefore, the method of making VPRIV™ 
meets all of the limitations of claim 1 7 and 
the claim covers the method of 
manufacturing the approved product. . 






18. The method of claim 1, wherein at least 
about 80% or more of the carbohydrate 
chains of the hmGCB preparation have six 
or more mannose residues. 


As discussed above for claim 1 , the method 
of making the approved product meets all 
of the limitations of the base claim. 

At least about 80% or more of the 
carbohydrate chains of the hmGCB 
preparation have six or more mannose 
residues. See the description of the 
approved product and the method of 
manufacturing the same in this section 
(9)(iii). 

Therefore, the method of making VPRIV™ 
meets all of the limitations of claim 18 and 
the claim covers the method of 
manufacturing the approved product. 
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23. The method of claim 1 , wherein the cell 
comprises an exogenous regulatory 
sequence which functions to regulate 
expression of an endogenous GCB coding 
sequence. 



As discussed above for claim 1 , the method 
of making the approved product meets all 
of the limitations of the base claim. 

VPRIV is produced by a human cell line 
that comprises an exogenous promoter 
sequence to regulate expression of an 
endogenous GCB coding sequence, (see, 
e.g., page 24, column 2 of Attachment F- 
"we have used gene activation in a well- 
characterized, continuous human cell line 
to produce gene activated human acid-(3- 
glucocerebrosidase (velaglucerase alfa). 
Gene activation refers to targeted 
recombination with a promoter that 
activates the endogenous GlcCerase gene 
in the selected human cell line." See also 
the description of the approved product and 
the method of manufacturing the same in 
this section (9)(iii). 

Therefore, the method of making VPRIV™ 
meets all of the limitations of claim 23 and 
the claim covers the method of 
manufacturing the approved product. 







26. The method of claim 1 , wherein the cell 
is a human cell. 


As discussed above for claim 1, the method 
of making the approved product meets all 
of the limitations of the base claim. 

TlVvl 

VPRIV is produced by a human cell line. 
See page 24, column 2 of Attachment F - 
"we have used gene activation in a well 
characterized, continuous human cell line 
to produce gene activated human acid-p- 
glucocerebrosidase (velaglucerase alfa)." 
See also the description of the approved 
product and the method of manufacturing 
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the same in this section (9)(iii). 

Therefore, the method of making VPRIV™ 
meets all of the limitations of claim 26 and 
the claim covers the method of 
manufacturing the approved product. 






27. The method of claim 26, wherein the 
cell is a fibroblast or a myoblast. 


As discussed above for claims 1 and 26, the 
method of making the approved product 
meets all of the limitations of the base 
claims. 

VPRIV™ is produced bv HT-1 080 cells 
which are fibroblasts. See the description 
of the approved product and the method of 
manufacturing the same in this section 
(9)(iii). 

Therefore, the method of making VPRIV™ 
meets all of the limitations of claim 27 and 
the claim covers the method of 
manufacturing the approved product. 







28. The method of claim 26, wherein the 
cell is an immortalized cell. 


As discussed above for claims 1, 26 and 
27, the method of making the approved 
product meets all of the limitations of the 
base claims. 

VPRIV is produced by an immortalized 
cell. See also the description of the 
approved product and the method of 
manufacturing the same in this section 
(9)(iii). 

Therefore, the method of making VPRIV 
meets all of the limitations of claim 28 and 
the claim covers the method of making the 
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approved product. 






29. The method of claim 27, wherein the 
cell is an HT-1080 cell. 


As discussed above for claims 1 , 26, 27 
and 28, the method of making the approved 
product meets all of the limitations of the 
base claims 

VPRIV™ is produced by HT-1080 cells. 
See the description of the approved product 
and the method of manufacturing the same 
in this section (9)(iii). 

Therefore, the method of making VPRIV™ 
meets all of the limitations of claim 29 and 
the claim covers the method of 
manufacturing the approved product. 






30. The method of claim 1, wherein the cell 
is contacted with kifiinensine in culture 
media. 


As discussed above for claim 1, the method 
of making the approved product meets all 
of the limitations of the base claim. 

VPRIV is produced by contacting the 
cells expressing hGCB with kifunensine in 
cell culture. See page 24, column 2 of 
Attachment F, "glycosylation of 
velaglucerase alfa is altered by using 
kifunensine ... during cell culture, which 
results in the secretion of a protein 
containing predominantly high-mannose 
type glycans." See also the description of 
the approved product and the method of 
manufacturing the same in this section 
(9)(iii). 

Therefore, the method of making VPRIV™ 
meets all of the limitations of claim 30 and 
the claim covers the method of 
manufacturing the approved product. 
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3 1 . The method of claim 30, wherein the 
hmGCB is obtained from the media in 
which the cell is cultured. 


As discussed above for claims 1 and 30, the 
method of making the approved product 
meets all of the limitations of the base 
claims. 

VPRIV is obtained from the media in 
which the human cell line is cultured. See 
the description of the approved product and 
the method of manufacturing the same in 
this section (9)(iii). 

Therefore, the method of making VPRIV™ 
meets all of the limitations of claim 31 and 
the claim covers the method of 
manufacturing the approved product. 
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32. A method of producing a preparation of 
high mannose glucocerebrosidase 
(hmGCB) comprising a carbohydrate chain 
having at least four mannose residues, the 
method comprising: 



providing a human cell into which a 
nucleic acid sequence comprising an 
exogenous regulatory sequence has been 
introduced such that the regulatory 
sequence is operably linked to, and 
regulates the expression of, an endogenous 
GCB coding region; 



contacting the cell with a class 1 
mannosidase inhibitor such that the 
removal of at least one mannose residue 
distal to the pentasaccharide core of a 
precursor oligosaccharide of GCB is 
prevented; and allowing the cell to produce 
hmGCB, to thereby produce an hmGCB 
preparation. 



VPRIV IM includes at least two 
glucocerebrosidase (GCB) proteins having 
at least one carbohydrate chain having four 
or more mannose residues. See, e.g., page 
24, column 1 of Attachment F, "the 
predominant glycan on velaglucerase alfa 
is a high mannose type, with nine mannose 
residues". See also Table III and Figures 7 
and 8 of Attachment F. See also the 
description of the approved product and the 
method of manufacturing the same in this 
section f9ViiiY 



VPRIV™ is produced by a human cell that 
includes an exogenous promoter sequence 
to regulate expression of an endogenous 
GCB coding sequence, (see, e.g., page 24, 
column 2 of Attachment F-"we have used 
gene activation in a well-characterized, 
continuous human cell line to produce gene 
activated human acid-|3-glucocerebrosidase 
(velaglucerase alfa). Gene activation refers 
to targeted recombination with a promoter 
that activates the endogenous GlcCerase 
gene in the selected human cell line. 55 See 
also the description of the approved 
product and the method of manufacturing 
the same in this section (9)(iii). 



VPRIV™ is produced by contacting the 
cells expressing hGCB with kifunensine, 
which is a class 1 mannosidase inhibitor, in 
cell culture. See page 24, column 2 of 
Attachment F, "glycosylation of 
velaglucerase alfa is altered by using 
kifunensine ... during cell culture, which 
results in the secretion of a protein 
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containing predominantly high-mannose 
type glycans". VPRIV includes at least 
2 GCB proteins having at least one 
carbohydrate chain with at least one 
mannose residue distal to the 
pentasaccharide core, e.g., the GCB 
nroteins have four or more mannose 

Ul VlvlJliJ 1JU V V< 1VU1 vy 1 llJvl V I 1 1 CI 1 111 V_/ O 

residues See e e Table III of Attachment 
F. See also the description of the approved 
product and the method of manufacturing 
the same in this section (9)(iii). 

Therefore, the method of making VPRIV™ 
meets all of the limitations of claim 32 and 
the claim covers the method of 
manufacturing the approved product. 






33. The method of claim 32, wherein the 
mannosidase inhibitor prevents the removal 
of one or more <xl ,2 mannose residue(s) 
distal to the pentasaccharide core. 


As discussed above for claim 32, the 
method of making the approved product 
meets all of the limitations of the base 
claim. 

The mannosidase inhibitor prevents the 
removal of one or more al ,2 mannose 
residue(s) distal to the pentasaccharide 
core. See the description of the approved 
product and the method of manufacturing 
the same in this section (9)(iii). 

Therefore, the method of making VPRIV™ 
meets all of the limitations of claim 33 and 
the claim covers the method of 
manufacturing the approved product. 







34. The method of claim 32, wherein the 
mannosidase inhibitor further prevents the 


As discussed above for claim 32, the 
method of making the approved product 
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removal of one al ,3 mannose residue distal 
to the pentasaccharide core. 


meets all of the limitations of the base 
claim. 

The mannosidase inhibitor further prevents 
the removal of one al 3 mannose residue 

111 %k A. ^fA A A ▼ 1*4 A V/ A A A W A. m A. A AW1 Al A^r kJ^r A. ^r*JA V* 

distal to the pentasaccharide core. See the 
description of the approved product and the 
method of manufacturing the same in this 
section (9)(iii). 

Therefore, the method of making VPRIV 
meets all of the limitations of claim 34 and 
the claim covers the method of 
manufacturing the approved product. 






35. The method of claim 32, wherein the 
mannosidase inhibitor further prevents the 
removal of one al,6 mannose residue distal 
to the pentasaccharide core. 


As discussed above for claim 32, the 
method of making the approved product 
meets all of the limitations of the base 
claim. 

The mannosidase inhibitor further prevents 
the removal of one al 6 mannose residue 
distal to the pentasaccharide core. See the 

X-* A *J V W* A VX^ V A A L/ ^rA A, bMUM VVA1HA -* X* -M- * *^ VI A. 

description of the approved product and the 
method of manufacturing the same in this 
section (9)(iii). 

Therefore, the method of making VPRIV™ 
meets all of the limitations of claim 35 and 
the claim covers the method of 
manufacturing the approved product. 






36. The method of claim 32, wherein the 
class 1 processing mannosidase inhibitor is 
kifunensine. 


As discussed above for claim 32, the 
method of making the approved product 
meets all of the limitations of the base 
claim. 
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VPRIV™ is produced by contacting the 
cells expressing hGCB with kifunensine in 
cell culture. See page 24, column 2 of 
Attachment F, "glycosylation of 
velaglucerase alfa is altered by using 
kifunensine ... during cell culture, which 
results in the secretion of a protein 
containing oredominantlv hieh-mannose 

M M V *h* M. M M M A A M ^^M \mf M M M M M M A M. %■ A J MAM mm^ ■ M MM* M MM M KJ 

type glycans". See also the description of 
the approved product and the method of 
manufacturing the same in this section 
(9)(iii). 

Therefore, the method of making VPRIV™ 
meets all of the limitations of claim 36 and 
the claim covers the method of 
manufacturing the approved product. 






37. The method of claim 36, wherein the 
kifunensine is present at a concentration 
between about 0.05 to 20.0 |ig/ml. 


As discussed above for claims 32 and 36, 
the method of making the approved 
product meets all of the limitations of the 
base claims. 

Kifunensine is present at a concentration 
2.0 |ig/ml in the method of making the 
approved product. See the description of 
the approved product and the method of 
manufacturing the same in this section 
(9)(iii). 

Therefore, the method of making VPRIV™ 
meets all of the limitations of claim 37 and 
the claim covers the method of 
manufacturing the approved product. 
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38. The method of claim 37, wherein the 
kifunensine is present at a concentration 
between about 0.1 to 2.0 (Ag/ml. 


As discussed above for claims 32, 36 and 
37, the method of making the approved 
product meets all of the limitations of the 
base claims. 

Kifunensine is present at a concentration 
2.0 |ig/ml in the method of making the 
approved product. See the description of 
the approved product and the method of 
manufacturing the same in this section 
(9)(iii). 

Therefore, the method of making VPRIV™ 
meets all of the limitations of claim 38 and 
the claim covers the method of 
manufacturing the approved product. 







48. The method of claim 32, wherein the 
mannosidase inhibitor prevents removal of 
at least three mannose residues distal to the 
pentasaccharide core of the precursor 
oligosaccharide of GCB. 


As discussed above for claim 32, the 
method of making the approved product 
meets all of the limitations of the base 
claim. 

Kifunensine is an inhibitor of endoplasmic 
reticulum mannosidase I and Golgi 
mannosidase I enzymes (see column 23, 
lines 48-51 of the '262 patent) that prevents 
the removal of three or more mannose 
residues distal to the pentasaccharide core, 
(see, e.g., Fig. 7 of Attachment F which 
shows the predominant glycan structure 
present on the GCB in VPRIV™). See 
also the description of the approved 
product and the method of manufacturing 
the same in this section (9)(iii). 
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Therefore, the method of making VPRIV™ 
meets all of the limitations of claim 48 and 
the claim covers the method of 
manufacturing the approved product. 






49. The method of claim 32, wherein the 
mannosidase inhibitor prevents removal of 
one or more mannose residues distal to the 
pentasaccharide core on at least two of the 
carbohydrate chains of hmGCB. 


As discussed above for claim 32, the 
method of making the approved product 
meets all of the limitations of the base 
claim. 

Kifunensine is an inhibitor of endoplasmic 
reticulum mannosidase I and Golgi 
mannosidase I enzymes (see column 23, 
lines 48-51 of the '262 patent) that prevents 
the removal of one or more mannose 
residues distal to the pentasaccharide core, 
fsee e 2 Fie 7 of Attachment F which 
shows the predominant glycan structure 
present on the GCB in VPRIV™). See 
also the description of the approved 
product and the method of manufacturing 
the same in this section (9)(iii). 

Therefore, the method of making VPRIV™ 
meets all of the limitations of claim 49 and 
the claim covers the method of 
manufacturing the approved product. 






50. The method of claim 32, wherein at 
least 60% of the hmGCB of the preparation 
have one or more carbohydrate chains in 
which the removal of three or more 
mannose residues distal to the 
pentasaccharide core has been prevented. 


As discussed above for claim 32, the 
method of making the approved product 
meets all of the limitations of the base 
claim. 

At least 60% of the hmGCB of the 
preparation have one or more carbohydrate 
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chains in which the removal of three or 
more mannose residues distal to the 
pentasaccharide core has been prevented. 
See the description of the approved product 
and the method of manufacturing the same 
in this section (9)(iii). 



Therefore, the method of making VPR1V 
meets all of the limitations of claim 50 and 
the claim covers the method of 
manufacturing the approved product. 







51. The method of claim 32, wherein at 
least 20% of the hmGCB of the preparation 
have one or more carbohydrate chains 
having at least eight mannose residues. 


As discussed above for claim 32, the 
method of making the approved product 
meets all of the limitations of the base 
claim. 

At least 20% of the hmGCB of the 
preparation have one or more carbohydrate 
chains having at least eight mannose 
residues. See the description of the 
approved product and the method of 
manufacturing the same in this section 
(9)(iii). 

Therefore, the method of making VPRIV™ 
meets all of the limitations of claim 51 and 
the claim covers the method of 
manufacturing the approved product. 






52. The method of claim 51, wherein at 
least 40% of the hmGCB of the preparation 
have one or more carbohydrate chains 
having at least eight mannose residues. 


As discussed above for claims 32 and 51 , 
the method of making the approved 
product meets all of the limitations of the 
base claims. 
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At least 40% of the hmGCB of the 
preparation have one or more carbohydrate 
chains having at least eight mannose 
residues. See the description of the 
approved product and the method of 
manufacturing the same in this section 
(9)(iii). 

Therefore, the method of making VPRIV™ 
meets all of the limitations of claim 52 and 
the claim covers the method of 
manufacturing the approved product. 







53. The method of claim 52, wherein at 
least 60% of the hmGCB of the preparation 
have one or more carbohydrate chains 
having at least eight mannose residues. 


As discussed above for claims 32, 51 and 
52, the method of making the approved 
product meets all of the limitations of the 
base claims. 

At least 60% of the hmGCB of the 
preparation have one or more carbohydrate 
chains having at least eight mannose 
residues. See the description of the 
approved product and the method of 
manufacturing the same in this section 
(9)(iii). 

Therefore, the method of making VPRIV™ 
meets all of the limitations of claim 53 and 
the claim covers the method of 
manufacturing the approved product. 






54. The method of claim 32, wherein at 
least about 80% or more of the 
carbohydrate chains of the hmGCB 
preparation have six or more mannose 
residues. 


As discussed above for claim 32, the 
method of making the approved product 
meets all of the limitations of the base 
claim. 

At least about 80% or more of the 
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carbohydrate chains of the hmGCB 
preparation have six or more mannose 
residues. See the description of the 
approved product and the method of 
manufacturing the same in this section 
(9)(iii). 

Therefore, the method of making VPRIV™ 
meets all of the limitations of claim 54 and 
the claim covers the method of 
manufacturing the approved product. 







57. The method of claim 32, wherein the 
cell is a fibroblast or a myoblast. 


As discussed above for claim 32, the 
method of making the approved product 
meets all of the limitations of the base 
claim. 

VPRIV™ is produced by an HT-1080 cell 
line, which is a fibroblast. See the 
description of the approved product and the 
method of manufacturing the same in this 
section (9)(iii). 

Therefore, the method of making VPRIV™ 
meets all of the limitations of claim 57 and 
the claim covers the method of 
manufacturing the approved product. 






58. The method of claim 32, wherein the 
cell is an immortalized cell. 


As discussed above for claim 32, the 
method of making the approved product 
meets all of the limitations of the base 
claim. 

VPRIV is produced by an immortalized 
cell. See the description of the approved 
product and the method of manufacturing 
the same in this section (9)(iii). 
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Therefore, the method of making VPRIV 
meets all of the limitations of claim 58 and 
the claim covers the method of making the 
approved product. 







59. The method of claim 58, wherein the 
cell is an HT-1080 cell. 


As discussed above for claims 32 and 58, 
the method of making the approved 
product meets all of the limitations of the 
base claims. 

VPRIV™ is produced by an HT-1080 cell 
line. See the description of the approved 
product and the method of manufacturing 
the same in this section (9)(iii). 

Therefore, the method of making VPRIV 
meets all of the limitations of claim 59 and 
the claim covers the method of 
manufacturing the approved product. 
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60. The method of claim 36, wherein the 
cell is contacted with kifiinensine in culture 
media. 


As discussed above for claims 32 and 36, 
the method of making the approved 
product meets all of the limitations of the 
base claims. 

VPRIV is produced by contacting the 
cells expressing hGCB with kifiinensine in 
cell culture. See page 24, column 2 of 
Attachment F, "glycosylation of 
velaglucerase alfa is altered by using 

Vi "fi i n^n ci nt* HiiTTno - r*nltiiT*f* \x/nir*ri 
UliCllolliC ... villi 111 ti v/Cll CUHUIC, WillL/11 

rpciiltc in flip cpprftinn off* nrntpin 

J v-O'-J'li? Ill lilt' 3tvi ^lIL-'il V-'I CL fJi \J I -w i i I 

containing predominantly high-mannose 
type glycans" See also the description of 
the approved product and the method of 
manufacturing the same in this section 
(9)(iii). 

Therefore, the method of making VPRIV™ 
meets all of the limitations of claim 60 and 
the claim covers the method of 
manufacturing the approved product. 






61 . The method of claim 60, wherein the 
hmGCB is obtained from the media in 

A A^L A m ^_^* K ■* A U \^ %. t*f. A A A WV* A A 111 VI A M. A A VVi A V* 1J J 

which the cell is cultured. 


As discussed above for claims 32, 36, and 
60 the method of m akin q the annroved 

W j 111 V> 111 vllJVVI V/ A 111 Ci IV 111 £^ lllv C1L/L/1 V/ » V^V* 

product meets all of the limitations of the 
base claims. 

VPRIV™ is obtained from the media that 
the cell line is cultured. See the description 
of the approved product and the method of 
manufacturing the same in this section 
(9)(iii). 

Therefore, the method of making VPRIV™ 
meets all of the limitations of claim 61 and 
the claim covers the method of 
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(10) Relevant Dates Under 35 U.S.C. § 156 for Determination of 
Applicable Regulatory Review Period [1.740(a)(10)] 

The relevant dates and information pursuant to 35 U.S.C. § 156(g) to enable the 
Secretary of Health and Human Services to determine the applicable regulatory review 
period are as follows: 

Patent Issue Date: 

U.S. Patent No. 7,138,262 Bl issued on November 21, 2006. 

a\fA\ jnt* vffortiM r>nio n**A i\in ni/m/i^ ji c r Ri^f n \n\m\n\- ?7 
C.F.R. §1.740(a)(10)(i)(A)] 

The effective date of IND 61,220 was May 20, 2004. 

An IND was by submitted by Transkaryotic Therapies, Inc. to FDA and received 
by FDA on December 31, 2003. It was assigned number IND 61 ,220. A copy of the 
letter from FDA to Transkaryotic Therapies, Inc., dated January 12, 2004, providing the 
IND number and showing the date of receipt by FDA of the IND is provided in 
Attachment G. On January 28, 2004, FDA notified Transkaryotic Therapies, Inc. that a 
modification to the protocol was necessary. A written record of the discussion is 
provided in Attachment Gl . Transkaryotic Therapies, Inc submitted an amendment to 
the protocol on March 11, 2004, see letter from Transkaryotic Therapies, Inc. to FDA, 
dated March 11, 2004, concerning amendment of protocol, provided in Attachment G2. 
On May 20, 2004, FDA notified Transkaryotic Therapies, Inc. that it could proceed, see 
FDA communication to Transkaryotic Therapies, Inc. dated May 20, 2004, concerning 
amendment to protocol, a copy of which is provided in Attachment G3. 

On November 20, 2006, FDA notified Shire Human Genetics Therapies, Inc. that 

IND 61,220 was on clinical hold. A copy of the letter from the FDA to Shire Human 

Genetics Therapies, Inc. showing the date the FDA notified Shire Human Genetics 
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Therapies, Inc. of the clinical hold is provided as Attachment H. The FDA removed the 
clinical hold on December 21 , 2006. A copy of the letter dated December 21 , 2006 from 
the FDA to Shire Human Genetics Therapies, Inc. indicating that the hold had been 
removed and the protocol could be initiated is provided as Attachment I. 

Thus, as set out above, the date that an exemption under §505(i) of the Federal 
Food, Drug and Cosmetic Act became effective (i.e., the date that an investigational new 
drug application (IND) became effective for VPRIV™) was May 20, 2004. 

(i)(B) NDA Submission Date [35 U.S.C. §156(g)(l)(B)(i); 37 GF.R. 
§L 740(a)(10)(i)(B)] The NDA was submitted on a rolling basis. The initial portion of 
the NDA was submitted by Shire Human Genetic Therapies, Inc. to the FDA on July 30, 
2009. The final portion was submitted on August 31, 2009. This date is used in the 
calculations provided herein. The NDA was assigned number NDA 22575. A copy of a 
letter from FDA to Shire Human Genetic Therapies, Inc., dated September 14, 2009, 
acknowledging receipt of the final submission of the NDA application is provided as 
Attachment J. 

(i)(C) NDA Approval Date [35 U.S.C §156(g)(l)(B)(ii); 37 CF.R. 
§1.740(a)(10)(i)(Q] 

The FDA approved NDA 22575 authorizing the marketing of VPRIV™ on 
February 26, 2010. VPRIV™ was approved under the Department of Health and Human 
Services (DHHS). A copy of the approval letter from FDA to Shire Human Genetic 
Therapies, Inc., dated February 26, 2009 is provided as Attachment C. 
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(11) Summary of Significant Events During Regulatory Review Period 
[L740(a)(ll)] 

A brief description of the significant activities undertaken by the marketing 
applicant during the applicable regulatory review period with respect to VPRIV and 
the dates applicable to these significant activities are set forth in a chronology of events 
provided below. 



Date I INDorNDA 
| Serial No. (if 
annlicahlefc 


Other 
Contact 


Description 


06 April 
2001 




I Pre-IND Teleconference Request 


18 Nov. 
2003 


| Pre-IND Meeting 


30 Dec. 
2003 


: IND 61,220 Serial 
000 




[ Submission of Original IND (including general 

[ information on Gaucher disease, nonclinical data, 

| manufacturing info., and Phase I/II study - TKT025 New 

1 Protocol and IB). 


19 Jan" 
2004 


. 


FDA letter 


j FDA Correspondence: Acknowledgement of Receipt of 
1 IND and assignment of IND number 


28 Jan 
2004 


TCR 

Contact 

Report 


| FDA Medical Officer request protocol amendment as 
I discussed at the Pre-IND meeting. 


28 Jan | IND 61,220 Serial 
2004 1 001 


| Response to email dated 13 Jan. 2004 containing questions 
| on clarification of age, inclusion criteria, and genotyping. 


11 Mar. ! IND 61,220 Serial 
2004 | 002 




I Protocol Amendment: Amendment 2 of Clinical Protocol 
I TKT025 


07 April | IND 61,220 Serial 
2004 I 003 




| Protocol Amendment: New Investigator for TKT025 and 
| Blinding procedures used in TKT025. 


20 May 
2004 




TCR 

Contact 

Report 


| FDA Medical Officer says it's safe to proceed with the 
! blinding procedure as amended in Serial 003 dated 07 
| April 2004 for Study TKT025. 


25 Aug. 
2004 


j FDA letter | Re: Completion of IND Preclinical Pharm/Tox review and 
| | comments/recommendations 


02 Nov. 
2004 


IND 61,220 Serial | 
007 | 


1 Protocol Amendment: TKT025 Protocol Amendment 4 
and New Protocol TKT025EXT 


24 Nov. 
2004 


IND 61,220 Serial 
008 




[ Information Amendment: Comparability Protocol - 
| comprehensive plan for evaluating changes to 
1 manufacturing process for drug substance (switch from 3x 
1 30L Bioreactor to 100 L Bioreactor). 


06 Apr. 


IND 61,220 Serial 


1 Information Amendment: Pharm/Tox: Final Study 
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Date i INDorNDA 
| Serial No. (if 
applicable) 


Other | Description 
Contact 1 


2005 


017 


Reports: Rat & Monkey 6-Month tox studies. 


04 Nov. 
2005 


IND 61,220 Serial 
023 

IND 61 220 Serial 
024 




Type B Meeting (End of Phase II) Request 


12 Dec. 
2005 




End of Phase II Briefing Document 


09 Jan. 
2006 


1 FDA Fax ; 

| 


FDA responses to EOP II Meeting questions 


11 Jan. 
2006 




End of Phase 11 Meeting 


'07Feb" 
2006 


| FDA letter 


Official FDA Minutes from EOPII meeting 1 1 Jan. 2006 


30 Mar. | IND 61.220 Serial | 

2006 ! 029 


Information Amendment: CMC: Manufacturing process 
modifications: switch from 3x 30E to 500 L scale up (AF1 
process). 


12 April | IND 61,220 Serial 
2006 | 030 




Information Amendment: Pharm/Tox: supportive 
information to justify Nonclinical Development 
Program and request for teleconference 


02 May 
2006 


IND 61,220 Serial 
031 


j Type A Meeting Request to discuss adequacy of 

1 nonclinical development program to initiate P3 studies and 

I support a NDA. 


18 May 
2006 


IND 61,220 Serial 
032 


| Type C Meeting on 16 June 2006: Pharm/Tox Briefing 
| Package 


1 5 June 
2006 




FDA Fax | FDA Correspondence: 16 June 2006 teleconference not 
1 necessary, based on FDA'S initial responses to questions. 


23 June 
2006 




FDA letter 


FDA Correspondence: Comments and request for 
additional information, re: amendment dated 12 April 
2006, IND Serial 030. 


12 July 
2006 




j FDA letter 


FDA Correspondence: Acknowledgement of Shire's 
decision to accept FDA's written responses in lieu of 
meeting. 


28 July 
2006 


IND 61,220 Serial | 
034 | 


Information Amendment: Pharm/Tox: Responses to FDA 
comments and requests to 23 June fax, rat and rabbit 
studies. 


03 Aug. 
2006 


IND 61,220 Serial 
035 


i 


Information Amendment: CMC: Description and 
comparability data of AF1 process material 


22 Sept. 
2006 


IND 61,220 Serial | 
037 | 


Protocol Amendment: New Protocol, Phase 2/3 Clinical 
Protocol TKT032 


16 Nov. 
2006 


IND 61,220 Serial ! 
039 | 


Protocol Amendment: New Protocol, Phase 3 Clinical 
Protocol TKT034 


20 Nov. 
2006 


1 TCR 
| Contact 
| Report 


Teleconference: IND put on clinical hold over concerns 
about product comparability. 


28 Nov. 


] FDA Fax 


FDA Correspondence: Full Clinical Hold Letter 
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Date INDorNDA 
| Serial No. (if 
applicable) 


Other 
Contact 


Description 


2006 








28 Nov. 
2006 


IND 61,220 
Serial 040 




Tvoe A Meeting Reauest. resoonse to Clinical Hold. 


29 Nov. | 
2006 | 


TCR 

Contact 

Reoort 


Teleconference* resnonse to PDA concerns relatinp to 
DS comparability resulting in Full Clinical Hold. 


30 Nov. | IND 61 ; 220 Serial 
2006 | 041 




Complete Response to Full Clinical Hold Letter relating to 
DS comoarabilitv. 


30 Nov. 
2006 


IND6L220 Serial 
042 




Request for Partial Waiver of the Full Clinical Hold. 


01 Dec. 
2006 




TCR 
Contact 

Rprvnrt 

r 


Teleconference: FDA agrees to move the Full Clinical 
Hold to a nartial hold after reviewed Shire's resnonse 


07 Dec. 
2006 




FDA letter 

M J—' A M- J V IIV1 


FDA Correspondence* Partial Clinical Hold Letter 

m\ M^r a\\ V^- \J M m VjUI/llULllLVt M. urn % 1 €X M REARM. Vr£l M 11V1U JJVlltJ 


12 Dec. 
2006 


IND6L220 Serial 
043 




Response to Clinical/Statistical non-hold issues raised in 
full Clinical Hold Letter (Study TKT032) 


14 Dec. 
2006 


IND6L220 Serial 
044 





Protocol Amendment for Study TKT025EXT. 


21 Dec. 
2006 




FDA letter 


FDA Correspondence: Removal of Partial Clinical Hold 
Note: all clinical issues have been resolved. 


26 Feb. 
2007 


IND6L220 Serial 
047 




Protocol Amendment: New Protocol HGT-GCB-039 and 
New Investigator for TKT032 


04 Sept. 
2007 




FDA letter 


FDA Correspondence: Request for Information-Study 
TKT034 


24 Sept. 
2007 


IND6L220 Serial 
055 




Response to FDA request for Information-Study TKT032 


10 Dec. 
2007 


IND6L220 Serial 
057 




Response to FDA Request for Information-Study TKT034 


11 Dec. ! IND 6 L220 Serial 
2007 1 058 




Information Amendment: Comparability Protocol for drug 
substance cell culture scale-up (AF2) vs. AF1 process 


19 Dec | IND 6 L220 Serial 
2007 | 060 




Protocol Amendment: New Protocol HGT-GCB-044 
(Extension study for TKT032, TKT034 and HGT- 
GCB-039). 


03 Sept. ! IND 61,220 Serial 
2008 I 070 




Information Amendment: Description and comparability 
data of AF2 process material 


06 Oct. ! IND 61.220 Serial 

2008 I 072 

■ 




Information Amendment: Description and comparability 
data of 200 U/vial presentation 


30 April 
2009 






Request for Orphan Drug Designation to FDA OOPD 


08 June 
2009 


IND6L220 Serial 
081 




Type B Meeting Request: Pre-NDA Meeting 


08 June 
2009 




FDA 
OOPD 


FDA OOPD Correspondence: Orphan Drug Designation 
Granted, US ODD #09-2835 
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Date 


1 INDorNDA 
1 Serial No. (if 
applicable) 


Other | Description 
Contact | 






| letter 




30 June 
2009 
30 June 
2009 


| IND 61,220 Serial 
1 082 




| Submission of Treatment Protocol HGT-GCB-058 


! IND 61.220 Serial 1 
1 083 


1 Request for Fast Track Designation 


01 July 
2009 


| FDA letter 

I 


FDA Correspondence: Type B Pre-NDA meeting 
I Granted on 10 August, 2009 


08 July 
2009 
" 15 July 
2009 


| FDA letter 
[ FDA letter 


FDA Correspondence: Acknowledgement of Fast Track 
designation Request 


FDA Correspondence: Fast Track Designation Granted 


23 July | TCR 
2009 1 Contact 

I Report 


Plans for rolling NDA for velaglucerase alfa 


27 July | IND 61,220 
2009 | Serial 088 


Request for Submission of Portions of an NDA 
Application 


29 July 
2009 




WHO 

Collaborate 
g Centre for 
Drug 
Statistics 
Methodology 


ATC application for velaglucerase alfa (Ref: 09/1527- 
2/EPLI/TUGR). 

ATC Proposed Code: A16AB10 velaglucerase alfa. 


30 July 
2009 




FDA letter 


FDA Correspondence: Acknowledgement to Proceed 
with Treatment Protocol HGT-GCB-058 


30 July 
2009 


NDA 022575, 
Sequence 0000 




Submission of 1 st wave Rolling NDA, including M3 
(complete), M4 (complete), M5 (partial). 
And request for Priority Review of NDA 


08 Aug. 
2009 




FDA Fax 


FDA Correspondence: FDA preliminary response for Pre- 
NDA Meeting Briefing Package 


10 Aug. 
2009 






Pre-NDA Meeting 


31 Aug. 
2009 


NDA 022575, 
Sequence 0001 




Submission of 2 nd wave of Rolling NDA, including Ml , 
M2 (complete), M3 (update), M5 (complete). 


14 Sept. 
2009 


j FDA | FDA Correspondence: FDA Acknowledgement Letter of 
| email, fax, j NDA Submission 
I letter | 


22 Sept. 
2009 


NDA 022575, 
Sequence 0003 1 


Request for Proprietary Name Review 


01 Oct. 
2009 


NDA 022575, 
Sequence 0005 




Trade Name Request -Labeling Supplement 


30 Oct. 
2009 




FDA letter 


FDA Correspondence: Filing Communication - Priority 
Review Granted, and a list of review questions 
included. 


03 Nov. 
2009 


NDA 022575, 
Sequence 001 1 




Location of data to support Orphan Drug Designation 


19 Nov. 




FDA Fax 


Request Clinical Information 
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Date 


IND or NDA 
Serial No. (if 
applicable) 


Other 
Contact 


Description 


2009 








20 Nov. | 
2009 | 


FDA 

Email 

String 


FDA Inspection Announcement Letters - 2 sites 
Infections (Dpc 6-10 14-18 2009/1 


20 Nov. | NDA 022575, 
2009 ! Sequence 0012 




Partial Rf**ioon^f* to RpmiPQt for Information" FT) A 

Questions dated 30 Oct. 2009 


01 Dec. | NDA 022575, 
2009 ! Sequence 0013 




% IVlmith Siifptv Dnrlatp 

«j ITIUIIIJI udlcl) UJJUalc 


04 Dec. 
2009 


Email 
String 


FDA R11MO Visit tn ^hirp HHT I TP ^irp fnpr 08 

2009) 


04 Dec. | NDA 022575, 
2009 Sequence 0014 


rnmnlptp R pcnnti^p to RpmiPQt for Information* FH A 

Questions dated 30 Oct. 2009 and 19 Nov. 2009 


1 1 rw 

2009 


FDA Fax 


l> i~r~ 

lVV,VJUV,Ol V^J'IV^. V^lllll^Ul Alll\_/1 UlCtllVJU 


16 Dec. 
2009 


FDA letter 




18 Dec. 
2009 


NDA 022575, 
Sequence 0016 




Response to Request for Information: FDA letter dated 1 1 
Dec 2009 CCMO 


22 Dec. 
2009 


NDA 022575, 
Sequence 0017 [ 


Stability update (drug substance and drug product) 


31 Dec. 
2009 


NDA 022575, | 
Sequence 0018 j 


Response to Request for Information: Quality and Efficacy 


13 Jan. 
2010 


NDA 022575, | 
Sequence 0019 [ 


TJpcnnncp to Rf*niipct for Information* C^^JiC* flnpctionc or 

JvCo^HJil&t IvJ Ixv^UCM tUi llliUl llldllWU. V—-1V1 V^/litollUllo Ul 

23 Dec. 2009 and 07 Jan 2010 letters 


14 Jan. 
2010 


NDA 022575, 
Sequence 0020 ! 


R pcnnncp to to R pniifct for Information* f^linifal 
JvCoJJUll&C IU \\J IvClJUCol 1VJ1 llUUl IllallUil. \^IlJJlvdl 

Questions of 23 Dec. 2009 Fax 


15 Jan. 
2010 


NDA 022575, 
Sequence 0021 




R pcnnncp to tf* 1 f*r\ ti on rpni if^ct of* 1 S Tan 7010 (~^\AC^ 

JVC&jjyJl&C lu ICICJJ11UI1C lCLJUCol UI I J Jail. LUlV \^1V1V^ 

information 


26 Jan. 
2010 


NDA 022575, 
Sequence 0022 




Ppcnr\ncp to k ^nnpct for InmrrrmtiATi rpoarnmo 
JvCdJJUllsC IVJ fvCv^UCbL 1UJ 1IUUI JllalJVJIl 1 Cgal Ulllg 

inspections: Responses to FDA Form 483 in Paraguay, 
Israel, Shire HGT (300 PW) 


27 Jan. 
2010 


NDA 022575, 
Sequence 0023 




Response to 22 Jan. 2010 FDA Request for CMC 
Information 


29 Jan. 
2010 




FDA 
email & 
letter 


FDA comments on US PI 


01 Feb. 
2010 


NDA 022575, 
Sequence 0024 




Response to 27 Jan. 2010 FDA Request for Clinical 
Information 


08 Feb. 
2010 


NDA 022575, 
Sequence 0025 




Response to 03 Feb. 2010 FDA Fax Request for Clinical 
Information 


09 Feb. 
2010 


NDA 022575, 
Sequence 0026 




Response to FDA labeling question dated 29 Jan. 2010 


10 Feb. 
2010 




FDA 
email & 


FDA comments on labeling-carton labeling and 
container labels 
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Date 


IND or NDA | Other 
Serial No. (if j Contact 
applicable) j 


Description 


1 ! letter 

: 




17 Feb. 
2010 


| FDA 
! email 


Response to FDA fax 10 Feb 2010 on labeling-carton 
label and vial labels 


17 Feb. 
2010 


NDA 022575, 
Sequence 0027 | 


Response to FDA labeling question dated 10 Feb. 2010 
(carton and container comments) 


18 Feb. 
2010 


| FDA Fax 

! 


FDA comments on labeling-carton and container labels 


19 Feb. 
2010 


NDA 022575, j 
Sequence 0028 


Response to FDA labeling comments 17 Feb 2010 and 
carton and container label comments 18 Feb 2010 


25 Feb. 
2010 


NDA 022575, | | Information Amendment: Final Post-Marketing 
Sequence 0029 j Commitments and Final Labeling Text (Company 

| agreed PMCs and labeling text) 


25 Feb. 1 NDA 022575. 
2010 ! Sequence 0030 | 


Information Amendment: Post=Marketing 
Commitments and Draft Labeling Text 


26 Feb. | FDA 
2010 | | Action 
1 | Letter 


NDA Approval Letter 
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(12) Statement Concerning Eligibility for and Duration of Extension 
Sought Under 35 U.S.C. § 156 [37 C.F.R. §1.740(a)(12)] 

(i) Applicant is of the opinion that U.S. Patent No. 7,138,262 Bl is eligible for 
extension of the patent term under 35 U.S.C. § 1 56 of 687 days and should be extended 
until July 6, 2022. It satisfies all requirements for such extension including: 

(a) 35 U.S.C. § 156(a) -U.S. Patent No. 7,138,262 Bl claims a method of 
manufacturing the approved product, VPRIV . 

(b) 35 U.S.C. § 156(a)(1) - U.S. Patent No. 7,138,262 Bl has not expired before 
submission of this application. 

(c) 35 U.S.C. § 156(a)(2) - The term of U.S. Patent No. 7,138,262 Bl has never 
been extended under 35 U.S.C. § 156(e)(1). 

(d) 35 U.S.C. § 156(a)(3) - The application for patent term extension is submitted 
by the owner of record of the patent in accordance with the requirements of paragraphs 
(1) through (4) of 35 U.S.C. § 156(d) and the rules of the Patent and Trademark Office. 

(e) 35 U.S.C. § 1 56(a)(4) - The product VPRIV™ has been subject to a regulatory 
review period before its commercial marketing or use. 

(f) 35 U.S.C. § 1 56(a)(5)(A) - The commercial marketing or use of the product 
VPRIV after the regulatory review period is- the first permitted commercial marketing 
or use under the provisions of § 505(b) of the Federal Food, Drug, and Cosmetic Act 
under which such regulatory review period occurred. 

(g) 35 U.S.C. § 1 56(c)(4) - No other patent has been extended for the same 
regulatory review period for the product VPRIV™. 

(h) This application is being submitted within 60 days of regulatory agency 
approval. 

(i) This application otherwise complies with all requirements of 35 U.S.C. § 156 
and all applicable rules and procedures. 
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(12)(ii) Applicant respectfully submits that the length of the extension of patent 
term for U.S. Patent No. 7,138,262 Bl is 687 days pursuant to 35 U.S.C. § 1 56(c). 

The length of the extension was determined pursuant to 37 C.F.R. § 1 .775 as 
follows (the remainder of this section (12)(ii) is numbered so as to correspond to the 
numbering in 37 C.F.R. § 1.775 ): 

(c) The regulatory review period under 35 U.S.C. § 156(g)(1)(B) is a total 
of 2,1 10 days, which is the sum of (1) and (2) below: 

(1) The period of review under 35 U.S.C. § 1 56(g)(l)(B)(i), which 
is the number of days in the period beginning on the date the exemption became effective 
(May 20, 2004) and ending on the date an application was initially submitted (August 31, 
2009), which is 1,930 days; and 

(2) The period of review under 35 U.S.C. § 1 56(g)(l)(B)(ii), which 
is the number of days in the period beginning on the date the application was initially 
submitted (August 31, 2009) and ending on the date such application was approved 
(February 26, 2010), which is 180 days. 

(d) The term of the patent as extended for a human drug, antibiotic drug or 
human biological product is determined by: 

(1) Subtracting from the number of days determined to be in the 
regulatory review period, which is 2,1 10: 

(i) The number of days in the regulatory review period 
which were on or before the date on which the patent issued (November 21, 2006) which 
is 916 days; and 

(ii) The number of days in the period of (c)(1) and (c)(2) 
above during which applicant did not act with due diligence, which is zero (0) days; and 
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(iii) One-half the number of days determined in 
subparagraph (c)(1) above after that period is reduced by subparagraph (d)(l)(i) and 
(d)(l)(ii) which, is ( 1,93 0-9 16-0)/2, or 507 days. 

Thus, the number of days determined in subparagraph (c) above (2,1 10) is 
reduced by 1,423 (916+507) days, for a total of 687 days; 

(2) Adding the number of days as determined in subparagraph (d)(1), (687 
days), to the original term of the patent (August 1 8, 2020) which results in the date of 
July 6, 2022. 

(3) By adding fourteen (14) years to the date of approval of the New Drug 
Application (NDA 22575) which results in the date of February 26, 2024; 

(4) By comparing the dates for the ends of the periods obtained pursuant 
to paragraphs (d)(2) and (d)(3) and selecting the earlier, which is July 6, 2022; 

(5) (i) Since U.S. Patent No. 7,138,262 Bl issued after September 24, 

1 984, by adding 5 years to the original expiration date of the patent or any earlier date set 
by terminal disclaimer, which is August 1 8, 2025; and (ii) By comparing the dates 
obtained pursuant to paragraphs (d)(4) and (d)(5)(i) of this section with each other and 
selecting the earlier date, which is July 6, 2022. 

Thus, the patent is entitled to extension until July 6, 2022. 

(13) Statement Pursuant to 37 C.F.R. § 1.740(a)(13) 

Applicant acknowledges a duty to disclose to the Director of the United States 
Patent and Trademark Office and the Secretary of Health and Human Services any 
information which is material to the determination of entitlement to the extension sought, 
e.g., as that duty is defined in 37 C.F.R. § 1 .765. 
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(14) Applicable Fee [1.740(a)(14)] 

The prescribed fee for receiving and acting upon this application is attached as a 
check in the amount of $1,120.00. The Director is authorized to charge any additional 
fees required by this application to Deposit Account No. 50/2762, referencing attorney 
docket number S2071 -701 01 9. 



(15) Name and Address for Correspondence [1.740(a)(15)] 

All correspondence and inquiries may be directed to the undersigned, whose 

address, telephone number and fax number are as follows: 

Laurie Butler Lawrence 
Lando & Anastasi, LLP 
One Main Street 
Cambridge, MA 02142 
Phone: 617-395-7000 
Fax:617-395-7070 



Enclosed is a certification that the application for extension of patent term under 
35 U.S.C. § 1 56 including its attachments and supporting papers is being submitted as 
one original and two (2) copies thereof (Attachment K) in compliance with 37 C.F.R. § 



1.740(b). 



Respectfully submitted, 




Laurie Butler Lawrence, Reg. No. 46,593 
LANDO & ANASTASI, LLP 
One Main Street 

Cambridge, Massachusetts 02142 
United States of America 
Telephone: 617-395-7000 
Facsimile: 617-395-7070 
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Date: April 22, 2010 
Attachments: 

Power of Attorney (Attachment A) 

Package Insert for VPRIV™ (Attachment B) 

NDA approval letter from FDA to Shire Human Genetic Therapies, Inc., dated 
February 26, 2010 (with enclosure) (Attachment C) 
U.S. Patent No. 7,138,262 Bl (Attachment D) 
Maintenance Fee Statement (Attachment E) 

Brumshtein et al. (2010) Glycobiology 20(l):24-32 (Attachment F) 
Letter from FDA to Transkaryotic Therapies, Inc., dated January 12, 2004, 

providing the IND number and showing the date of receipt by FDA of the IND 

(Attachment G) 

A written record of the discussion that occurred on January 28, 2004 regarding 
modification of the protocol (Attachment Gl ) 

Letter from Transkaryotic Therapies, Inc. to FDA dated March 1 1 , 2004, 
concerning amendment of protocol (Attachment G2) 

FDA communication to Transkaryotic Therapies, Inc., dated May 20, 2004, 
concerning amendment to protocol (Appendix G3). 

Letter from FDA to Shire Human Genetics Therapies, Inc. indicating the date the 
IND was put on clinical hold (Attachment H) 

Letter from FDA to Shire Human Genetics Therapies, Inc., dated December 21, 
2006, removing the clinical hold and indicating that the protocol can be initiated 
(Attachment I) 

Letter from FDA to Shire Human Genetics Therapies, Inc., dated Septermber 14, 
2009, acknowledging receipt of the final submission of the NDA (Attachment J) 
Certification of Copies of Application Papers (Attachment K) 
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Attachment A 
Power of Attorney 



Docket No.: S2071-9000 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Commissioner for Patents 

P.O.Box 1450 

Alexandria, VA 22313-1450 

REVOCATION OF PRIOR POWERS OF ATTORNEY 

and 

NEW POWER OF ATTORNEY 

Sir: 

Hie undersigned, Shire Human Genetic Therapies, Inc., a Delaware Corporation, 
assignee of the entire right, title and interest for all of the patents and patent applications 
identified in the attached Schedule A, hereby revokes all previous powers of attorney or 
aumorizations of agent given in the identified patents and patent applications and in any 
divisional, continuing, substitute, renewal, reexamination, or reissue applications thereof, and 
appoints all practitioners of Lowrie, Lando & Anastasi, LLP associated with Customer Number 

37462 

as assignee's attornevs nr a (rents with full nnwpr of ciifictitiitlrm tr\ toAre* omr <^A oil 

— ~ «/ ~ — - • — Jf * * w V WW, >«,W1* MJ W»JL-W U1J.U MM UV/UVU 

necessary with regard to the identijSed patents and patent applications, and with regard to any 
divisional, continuing, substitute, renewal or reissue applications thereof. 

Please address all telephone calls to Laurie Butler Lawrence at telephone no. (617) 395- 

7000. 

Please forward all correspondence to the correspondence address associated with 
Customer Number: 37462 



Shire Human Genetic Therapies, Inc. 





By: S/\OAaA Cf // Dated: UDdjAlLZO 

Name: Ken^A. F$5n * £/ / 
Utile: Vice President, Intellectual Property 

ASSIGNEE CERTIFICATION 

Attached to this power is a Certificate Under 37 CFR 3.73(b). 

Dated: ft. Tod* 




LOWRIE, LANDO & ANAST 
Riverfront Office Park 
One Main Street 
Cambridge, MA 02142 
(617)395-7000 

Page 1 of 2 




SCHEDULE A 

U.S. Patents: 

ATTORNEY'S 



U.S. PATENT NO. 


ISSUE DATE 


DOCKET NO. 


6,924,365 


08/02/2005 


S2071-700410 


7,229,793 


06/12/2007 


S2071-700719 


6,569,681 


05/27/2003 


S2071-700919 


7,138,262 


11/21/2006 


S2071-701019 


5,965,125 


10/12/1999 


S2071-701419 


6,472,181 


10/29/2002 


S2071 -701440 


6,582,391 


06/24/2003 


S2071-701441 


6,083,725 


07/04/2000 


S2071-701510 


6,566,099 


05/20/2003 


S2071-701520 


7,122,354 


10/17/2006 


S2071-701521 


6,395,884 


05/28/2002 


S2071-701540 


5,817,789 


10/06/1998 


S2071-701619 


6,027,921 


02/22/2000 


S2071-701640 


6,262,026 


07/17/2001 


S2071 -701641 


6,858,578 


02/22/2005 


S2071-701642 


6,419,920 


07/16/2002 


S2071-701730 


6,458,574 


10/01/2002 


S2071-702030 
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SCHEDULE A 



U.S. Patent Applications: 



U.S. 




ATTORNEYS 


APPLICATION NO. FILING DATE 


DOCKET NO. 


1 1/581,979 


10/17/2006 


S2071-701040 


11/028,850 


01/03/2005 


S2071-701620 


10/160,452 


05/31/2002 


S2071-701740 


10/165,060 


07/07/2002 


S2071-702040 


11/403,618 


. 04/13/2006 


S2071-702540 


11/671,588 


02/06/2007 


S2071-702719 


10/775,678 


02/10/2004 


S2071-702810 


08/712,614 


09/13/1996 


S2071-703119 


10/423,225 


04/25/2003 


S2071-702510 


09/686,497 


10/11/2000 


S2071-701319 


11/924,804 


10/26/2007 


S207I-701320 


11/OOC IOC 




OZU/WUUZi 


11/925,167 


10/26/2007 


S207 1-70 117? 


11/928,247 


10/30/2007 


S2071-701323 


10/165,968 


06/10/2002 


S2071 -702020 


60/375,584 


04/25/2002 


S2071-702500 


60/771,555 


02/07/2006 


S2071-702700 


.10/968,870 

i 


10/18/2004 


S2071-701020 
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PTCWSB/96 (01-08) 
Approved for use through Q4/3Q/2Q08. OMB 0651-0031 

U-S- Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless H displays a valid OMB control number. 

STATEMENT UNDER 37 CFR 3.73ft>l 

Applicant/Patent Owner Peter Francis Daniel et al. 

Application NoJPatent No j 7.138.262 Ffled/lssue Date: 11/21/2008 

Entitled: HIGH MANNOSE PROTEINS AND METHODS OF MAKING HIGH MANNOSE PROTEINS 



Shire Human Genfltira Tfiftmptes, Jnc , a Deiawam r^rporatfo n 



{Name of Assignee) (Type of Assignee, e.g.. corporation, partnership, urwersity, government agency, etc.) 

states that it is: 

1. [7] the assignee of the entire right, title, and interest; or 

2. □ an assignee of less than the entire right, title and interest 

(The extent (by percentage) of its ownership interest %) 

in the patent application/patent identified above by virtue of either 

aQAjti assignment from the inventors) of the patent appfication/patent identified above. The assignment was recorded 

in the United States Patent and Trademark Office at Reel " Frame , or for which a copy 

thereof is attached. 

OR 

B.[3 A chain of title from the inventorfs), of the patent application/patent identified above, to the current assignee as fbDows: 

1. From: Peter Francis Daniel et al: To: Transkaiyotic Therapies. Inc. 

The document was recorded in the United States Patent and Trademark Office at 

Reel Q11662 , Frame 0815 , or for which a copy thereof is attached. 

2. From: Transkaryooc Therapies, Inc. To: Shire Human Genetics Therapies. Inc. 

The document was recorded in the United States Patent and Trademark Office at 

Reel . 018224 Frame oasu , or for which a copy thereof is attached. 

3. From: To: 

The document was recorded in the United States Patent and Trademark Office at 
R eel , Frame , or for which a copy thereof is attached. 

□ Additional documents in the chain of title are listed on a supplemental sheet. 

[3 As required by 37 CFR 3.73(bX1)(i), the dociirnentary evidence of the chain of title from the original owner to the 
assignee was, or concurrently is being, submitted for recordation pursuant to 37 CFR 3.1 1 . 

[NOTE: A separate copy (i.e., a true copy of the original assignment documents)) must be submitted to Assignment 
Division in accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 
302.08| 

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee. 

■ TNatafoA.Ussy/ April 24. -2008 

Signature Date 

Natafie A Ussy Reg No 59.651 617-395-7000 

Printed or Typed Name Telephone Number 



Attorney 



Title ^ 

ThjsooBection of information is required by 37 CFR 3.73(b). The information is required to obtain or retain a benefit by the public which is to fie (and by the 
USPTO to process) an appfcatioa Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. Thrs coflecoon is estimated to take 12 minutes to 
complete , including gathering, preparing, and submitting the completed appficacon form to the USPTO. Time vwfl vary depending upon the individual case. Any 
comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, 
U.S. Patent and Trademark Office. U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED 
FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450 f Alexandria, VA 22313-1450. 



ff you need assistance in completing the form, caU 1-800-PTQ9199 ami seiect option Z 



Privacy Act Statement 



The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection 
with your submission of the attached form related to a patent application or patent Accordingly, 
pursuant to the requirements of the Act, please be advised that (1) the general authority for the 
coBection of this information is 35 U.S.C. 2(bX2); (2) furnishing of the information solicited is voluntary; 
and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark 
Office is to process and/or examine your submission related to a patent application or patent If you do 
not furnish the requested information, the U.S. Patent and Trademark Office may not be able to 
process and/or examine your submission, which may result in termination of proceedings or 
abandonment of the application or expiration of the patent 

The information provided by you in this form will be subject to the following routine uses: 

1 . The information on this form will be treated confidentially to the extent allowed under the 
Freedom of Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from 
this system of records may be disclosed to the Department of Justice to determine whether 
disclosure of these records is required by the Freedom of Information Act 

2. A record from this system of records may be disclosed, as a routine use, in the course of 
presenting evidence to a court, magistrate, or administrative tribunal, including disclosures to 
opposing counsel in the course of settlement negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of 
Congress submitting a request involving an individual, to whom the record pertains, when the 
individual has requested assistance from the Member with respect to the subject matter of the 
record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the 
Agency having need for the information in order to perform a contract Recipients of 
information shall be required to comply with the requirements of the Privacy Art of 1974, as 
amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in 
this system of records may be disclosed, as a routine use, to the International Bureau of the 
World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal 
agency for purposes of National Security review (35 U.S.C. 181) and for review pursuant to 
the Atomic Energy Act (42 U.S.C. 21 8(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, 
General Services, or his/her designee, during an inspection of records conducted by GSA as 
part of that agency's responsibility to recommend improvements in records management 
practices and programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall 
be made in accordance with the GSA regulations governing inspection of records for this 
purpose, and any other relevant (/.©.. GSA or Commerce) directive. Such disclosure shall not 
be used to make determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after 
either publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent 
pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 
CFR 1 .14, as a routine use, to the public if the record was filed in an application which 
became abandoned or in which the proceedings were terminated and which application is 
referenced by either a published application, an application open to public inspection or an 
issued patent 

9. A record from this system of records may be disclosed, as a routine use, to a Federal. State, 
or local law enforcement agency, if the USPTO becomes aware of a violation or potential 
violation of law or regulation. 
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In re U.S. Patent Na: 7,138,262 Bl Attorney Docket Na: S2071-701019/0013US 

Issued: November 21, 2006 
Inventors: Peter Francis Daniel 
Assignee: Shire Human Genetic Therapies, 
Inc. 

Title: HIGH MANNOSE PROTEINS AND METHODS OF MAKING HIGH 
MANNOSE PROTEINS 



Attachment C 

NDA approval letter from FDA to Shire Human Genetic Therapies, Inc., dated 
February 26, 2010 (with enclosure) 



V 




I _/ff DEPARTMENT OF HEALTH AND HUMAN SERVICES 



Food and Drug Administration 
Silver Spring MD 20993 



NDA 022575 



ND A APPROVAL 



Shire Human Genetic Therapies, Inc. 

Attention: Nikhil Mehta, Ph.D. 

Vice President, Global Regulatory Affairs 

700 Main Street 

Cambridge, MA 02139 



Dear Dr. Mehta: 

Please refer to your new drug application (NDA) dated August 31 , 2009, received 

August 31, 2009, submitted under section 505(b) of the Federal Food, Drug, and Cosmetic Act 

for VPRTV (velaglucerase alfa for injection). 

We acknowledge receipt of your submissions dated July 30, August 31, September 17, 22, and 
28, October 1, 9, 12, 23, and 29, November 16 and 20, December 1, 4, 15, 18, 22, and 31, 2009, 
and January 13, 14, 15, 26, and 27, and February 1, 8, 9, 17, 19, and 25, 2010. 

■This new drug application provides for the use of VPRIV (velaglucerase alfa for injection) for 
long-term enzyme replacement therapy (ERT) for pediatric and adult patients with type 1 
Gaucher disease. 

We have completed our review of this application, as amended. It is approved, effective on the 
date of this letter, for use as recommended in the enclosed agreed-upon labeling text 

Your application was not referred to an advisory committee because this drug is not the first in 
its class, the clinical study design was acceptable, the application did not raise significant safety 
or efficacy issues, the application did not raise significant public health questions on the role of 
the drug in the diagnosis, cure, mitigation, treatment or prevention of a disease, and outside 



CONTENT OF LABELING 

As soon as possible, but no later than 14 days from the date of this letter, please submit the 
content of labeling [21 CFR314.50(1)] in structured product labeling (SPL) format, as described 
a* http://ww.fda.gov/ForInd that is 

identical to the submitted labeling (package insert submitted February 25, 201 0). For 
administrative purposes, please designate this submission, "SPL for approved NDA 022575," 



expertise was not necessary. 
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CARTON AND IMMEDIATE CONTAINER LABELS 

We acknowledge your February 1 9 rv 20 1 0, submission containing final printed carton and 
container labels. 

Marketing the product with final printed labeling that is not identical to the approved labeling 
text may render the product misbranded and an unapproved new drug. 

REQUIRED PEDIATRIC ASSESSMENTS 

Under the Pediatric Research Equity Act (PREA) (21 U.S.C 355c), all applications for new 
active ingredients, new indications, new dosage forms, new dosing regimens, or new routes of 
administration are required to contain an assessment of the safety and effectiveness of the 
product for the claimed indication in pediatric patients unless this requirement is waived, 
deferred, or inapplicable. 

Because this drug product for this indication has an orphan drug designation, you are exempt 
from this requirement 

POSTMARKETING COMMI TMENTS SUBJECT TO REPORTING REQUIREMENTS 
UNDER SECTION 506B ~~ 

We remind you of your postmarketing commitments in your submission dated 
February 25, 201 0. These commitments are listed below, 

1600-01 Shire commits to utilize an antibody screening cut point based on a mean + 1 .645 
standard deviation for assay values from treatment naive Gaucher patients. Shire 
will utilize the same methodology to calculate the anti-imiglucerase ECL cut 
point 

Final Report Submission: May 31, 2010 

1600-02 Shire commits to revise the cut point for the confirmatory anti-velaglucerase and 
anti-imiglucerase screening assays to a level that is less than or equal to the cut 
point of the screening assay. 

Final Report Submission: May 31, 2010 

1600-03 Shire commits to re-assess the IgE cut point for the current ECL methodology 
using a chemically synthesized hybrid control. Shire commits to support assay 
validation using patient baseline values. 

Final Report Submission: May 3 1, 2010 

1600-04 Shire commits to develop an assay to measure the ability of patient antibodies to 
block the uptake of velaglucerase and imiglucerase into target cells. 
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Final Report Submission: 



November 30, 2010 



1600-05 Shire commits to re-analyze all archived pharmacokinetic (PK) samples for Study 
TKT032 (using adequate in-process quality controls and standard curves) and 
recalculate velaglucerase alfa PK parameters. 



Study Completion Date: 
Final Report Submission: 



May 31, 2010 
June 30, 2010 



1 600-06 Shire commits to conduct a prospective PK study in patients with Type 1 Gaucher 
disease in the case that Shire fails to adequately characterize velaglucerase alfa 
PK using the archived PK samples (discussed under PMC #1600-05 above). 



Final Protocol Submission: 
Study Completion Date: 
Final Report Submission: 



December31,2010 
March 31, 2013 
September 30, 2013 



POSTMARKETING COMMITMENTS NOT SUBJECT TO THE REPORTING 
REQUIREMENTS UNDER SECTION 5Q6B 

We remind you of your postmarketing commitments in your submission dated 
February 25, 2010. These commitments are listed below. 



1600-07 



Shire commits to develop and implement a kinetic assay with a physiologically 
relevant substrate for drug substance and drug product release and stability 
testing. Results and specifications will be included in the final report 



Final Report Submission: 



December 31, 2011 



1600-08 



Shire commits to develop and implement a quantitative method that measures 
total carbohydrate content Results and specifications will be included in die final 
report 



Final Report Submission: 



February 28, 2011 



1600-09 



Shire commits to replace the non-quantitative SDS-PAGE Silver stain method 
with a quantitative SDS-PAGE Coomassie test Results and specifications will be 
included in the final report 



Final Report Submission: 



February 28, 2011 



1 600-1 0 Shire commits to demonstrate that Long R3 IGF 1 is well controlled to ensure no 
impact on product quality. The results will be included in the final report 



Final Report Submission: 



February 28, 2011 
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1600-1 1 Shire commits to demonstrate the clearance capability of the process to remove 
hydrocortisone through hydrocortisone spike studies. The results will be included 
in the final report 

Final Report Submission: November 30, 20 10 

1 600- 1 2 Shire commits to re-evaluate drug substance and drug product release and 
stability specifications. Shire will submit the revised specifications and 
supporting data in the final report 

Final Report Submission: December 31, 2011 

1 600- 1 3 Shire commits to update the specifications for SEG, RP-HPLC, and the glycan 
map, and to include acceptance criteria for the leading shoulder in SEC-HPLC, 
for peaks A and B in RP-HPLC, and for peak group 2 in the glycan map. 

Final Report Submission: July 1,2010 

iuw-at omit, wiiuiuid iv upuaic mc pcpuuc map spccincauon using new acceptance 

criteria to reflect control of impurities. Shire commits to add the peptide map as a 
drug substance and drug product release and stability test with the new acceptance 
criteria. 

Final Report Submission: July 1,2010 

1 600- 1 5 Shire commits to include the cellular uptake bioassay for drug product release 
testing. 

Final Report Submission: April 1,2010 

1600-16 Shire commits to provide a report containing the sub-visible particulates (2 - 10 
pm) analyses, risk assessment and risk mitigation strategies. 

Final Report Submission: September 30, 20 1 0 

1600-17 Shire commits to include drug substance and drug product stress conditions in the 
annual stability program. The revised stability protocols will be included 

Final Protocol Submission: April 1, 2010 

1600-18 Shire commits to evaluate the impact of pH on the in-use stability of the drug 

product and to provide assurance that procedures are in place to control this risk 
to product quality. 



Final Protocol Submission: December 31, 2010 
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Submit clinical protocols to your IND 061220 for this product Submit nonclinical and 
chemistry, manufacturing, and controls protocols and all study final reports to this NDA. In 
addition, under 21 CFR314.81(b)(2)(vii) and 314.81(b)(2)(viii) you should include a status 
summary of each commitment in your annual report to this NDA. The status summary should 
include expected summary completion and final report submission dates, any changes in plans 
since the last annual report, and, for clinical studies/trials, number of patients entered into each 
study/trial. All submissions, including supplements, relating to these postmarketing 
commitments should be prominently labeled "Postmarketing Commitment Protocol," 
"Postmarketing Commitment Final Report," or "Postmarketing Commitment 
Correspondence" 

PROMOTIONAL MATERIALS 

You may request advisory comments on proposed introductory advertising and promotional 
labeling. To do so, submit, in triplicate, a cover letter requesting advisory comments, the 
proposed materials in draft or mock-up form with annotated references, and the package insert 
to: 

Food and Drag Administration 

Center for Drug Evaluation and Research 

Division of Drug Marketing, Advertising, and Communications 

5901-B Ammendale Road 

Beltsville, MD 20705-1266 

As required under 21 CFR 314.81(b)(3)(i), you must submit final promotional materials, and die 
package insert, at the time of initial dissemination or publication, accompanied by a Form FDA 
2253. For instruction on completing the Form FDA 2253, see page 2 of the Form. For more 
information about submission of promotional materials to the Division of Drug Marketing, 
Advertising, and Communications (DDMAC), see 
http://ww.fdagov/AboutFPA/^ 

Please submit one market package of the drug product when it is available. 
LETTERS TO HEALTH CARE PROFESSIONALS 

If you issue a letter communicating important safety-related information about this drug product 
(i.e., a "Dear Health Care Professional" letter), we request that you submit an electronic copy of 
the letter to both this NDA and to the following address: 

MedWatch 

Food and Drug Administration 
Suite 12B-05 
5600 Fishers Lane 
RockvilIe,MD 20857 
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REPORTING REQUIREMENTS 

We remind you that you must comply with reporting requirements for an approved NDA (21 
CFR 314.80 and 314,81). 

MEDWATCH-TO-MANUFACTURER PROGRAM 

The MedWatch-to-Manufacturer Program provides manufacturers with copies of serious adverse 
event reports that are received directly by the FDA. New molecular entities and important new 
biologies qualify for inclusion for three years after approval. Your firm is eligible to receive 
copies of reports for this product To participate in the program, please see the enrollment 
instructions and program description details at 

httpy/ww. fda.gov/Safetv/MedWatch/HowToReDort/ucml 6691 0.htm . 

If you have any questions, call Wes Ishihara, Regulatory Project Manager, at (301) 796-0069. 

Sincerely, 



fSee appended electronic signatm e page} 

Julie Beitz,M.D. 
Director 

Office of Drug Evaluation III 

Center for Drug Evaluation and Research 



Enclosure: Package Insert 



HIGHLIGHTS OF PRESCRIBING INFORMATION 

These highlights do not include all the information needed to use VPRTV 

safely and effectively. See full prescribing information for VPRIV. 

VPRTV™ (vdaglncerase ana for injection) 
Initial VS. Approval: 2010 

INDICATIONS AND USAGE 

VPRTV (vdaglucerase alia for injection) is a hydrorvtic lysosomal 
glucoco^bioside-spccific enzyme indicated for long-term enzyme replacement 
therapy (ERT) for pediatric and adult patients with type I Gaucher disease (1). 

DOSAGE AND ADMINISTRATION 

• 60 Units/kg administered every other week as a 60-minute intravenous 
infusion (2). 

• Patients currently being treated with imiglucerase for Gaucher disease can 
be switched to VPRTV. Patients previously treated on a stable dose of 

. imiglucerase are recommended to begin treatment with VPRI V at that 
same dose when they switch from imiglucerase to VPRTV (2). 

• Physicians can make dosage adjustments based on achievement and 
maintenance of each patient's therapeutic goals. Clinical trials have 

. evaluated doses ranging from 15 Units/kg to 60 Units/kg every other 
week (2). 

DOSAGE FORMS AND STRENGTHS 

• Lyopmlrzed powder to be reconstituted and diluted for infusion (3). 

• Available in 200 Units and 400 Units single-use vials (3). 



CONTRAINDICATIONS 

• None(4). 

WARNINGS AND PRECAUTIONS 

• Hypersensitivity reactions: Treatment with VPRTV should be carefully 
re-evaluated in the presence of significant evidence of hypersensitivity 
to the product (5.1). 

• mfiision^laled reactions (5.2). 

ADVERSE REACTIONS 

• The most common adverse reactions during clinical studies 
were infusion-related reactions (5.2, 6.1). 

• Other commonly observed adverse reactions in > 1 0% of patients were: 
headache, dizziness, abdominal pain, nausea, back pain, joint pain, 
upper respiratory tract infection, activated PTT prolonged, 
fatigue/asthenia, and pyrexia (6. 1). 

To report SUSPECTED ADVERSE REACTIONS, contact Shire Hainan 
Genetic Therapies, Inc. at the OnePath 8 * 1 phone # 1 -$66-888-0660 
or MedInfoGlobaI@Shire.com, or FDA at 1-800-FDA-I088 or 
www.fda.gov/medwatch 



See Section 17 for PATIENT COUNSELING INFORMATION. 

Revised: 02/2010 



FULL PRESCRIBING INFORMATION: CONTENTS* 

1 INDICATIONS AND USAGE 

2 DOSAGE AND ADMINISTRATION 

2.1 Recommended Dose 

12 Preparation and Administration Instructions 

3 DOSAGE FORMS AND STRENGTHS 

4 CONTRAINDICATIONS 

5 WARNINGS AND PRECAUTIONS 
5 J Hypersensitivity Reactions 

5.2 Infusion-related Reactions 

6 ADVERSE REACTIONS 

6.1 Clinical Studies Experience 

7 DRUG INTERACTIONS 

8 USE IN SPECIFIC POPULATIONS 

8.1 Pregnancy- Category B 

8.3 Nursing Mothers 

8.4 Pediatric Use 

8.5 Geriatric Use 



10 OVERDOSAGE 

11 DESCRIPTION 

12 CLINICAL PHARMACOLOGY 

1Z I Mechanism of Action 
123 Pharmacokinetics 

13 NONCLINICAL TOXICOLOGY 

13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility 

14 CLINICAL STUDIES 

14.1 . Studies of VPRTV as Initial Therapy 

14.2 Study in Patients Switching from Imiglucerase Treatment 
to VPRTV 

15 REFERENCES 

16 HOW SUPPLIED/STORAGE AND HANDLING 

16.1 Storage 

17 PATIENT COUNSELING INFORMATION 



♦Sections or subsections omitted from the full prescribing information are 
not listed. 



VPRIV (velaglucerase alfa for injection) 



FULL PRESCRIBING INFORMATION 

1 INDICATIONS AND US AGE 

VPRIV (velaglucerase alfa for injection) is a hydrolytic lysosomal glucocerebroside-specific 
enzyme indicated for long-term enzyme replacement therapy (ERT) for pediatric and adult 
patients with type 1 Gaucher disease. 

2 DOSAGE AND ADMINISTRATION 
2.1 Recommended Dose 

The recommended dose is 60 Units/kg administered every other week as a 60-minute 
intravenous infusion. 



Patients currently being treated with imiglucerase for type 1 Gaucher disease may be switched to 
VPRTV. Patients previously treated on a stable dose of imiglucerase are recommended to begin 
treatment with VPRIV at that same dose when they switch from imiglucerase to VPRIV. . 

Dosage adjustments can be "made based on achievement and maintenance of each patient's 
therapeutic goals. Clinical studies have evaluated doses ranging from 15 Units/kg to 
60 Units/kg every other week. 

VPRIV should be administered under the supervision of a healthcare professional. 



22 Preparation and Administration Instructions 
Use aseptic technique 

VPRIV is a lyophilized powder, which requires reconstitution and dilution, and is intended for 
intravenous infusion only. VPRTV contains no preservatives and vials are single-use only 
.Discard any unused solution. VPRTV should be prepared as follows: 

Determine the number of vials to be reconstituted based on the individual patient's weight and 
the prescribed dose. Follow the instructions in Table 1 for reconstitution. 



Table 1: Reconstitution Instructions 





200 Units/vial 


400 Units/vial 


Volume of Sterile Water for 
Injection, USP, for 
reconstitution 


2.2 mL 


43 mL 


Concentration after 
reconstitution 


100 Units/mL 


100 Units/mL 


Withdrawal volume 


2mL 


4mL 



2 



Upon reconstitution, mix vials gently. DO NOT SHAKE. Prior to further dilution, visually 
inspect the solution in the vials; the solution should be clear to slightly opalescent and colorless; 
do not use if the solution is discolored or if foreign particulate matter is present. Withdraw the 
calculated volume of drug from the appropriate number of vials and dilute the total volume 
required in 100 mL of 0.9% sodium chloride solution suitable for IV administration. Mix gently 
DO NOT SHAKE. 

VPRIV should be administered over 60 minutes. VPRTV should not be infused with other 
products in the same infusion tubing as the compatibility in solution with other products has not 
been evaluated The diluted solution should be filtered through an in-line low protein-binding 
02pm filter during administration. 

As VPRIV contains no preservatives, once reconstituted the product should be used immediately. 
If immediate use is not possible, the reconstituted or diluted product may be stored for up to 24 
hours at 2 to t?C (36 to 46°F). Do not freeze. Protect from light The infusion should be 
completed within 24 hours of reconstitution of vials. 

3 DOSAGE FORMS AND STRENGTHS 

VPRIV is a sterile, white to off-white, lyophilized powder for reconstitution with Sterile Water 
for Injection, USP, to yield a final concentration of 1 00 Umts/mL* 

VPRIV is available as 200 Units and 400 Units single-use vials. 

4 CONTRAINDICATIONS 

None. 

5 WARNINGS AND PRECAUTIONS 
5.1 Hypersensitivity Reactions 

Hypersensitivity reactions have been reported in patients in clinical studies with VPRTV [see 
Adverse Reactions (6.1)]. As with any intravenous protein product, hypersensitivity reactions 
are possible, therefore appropriate medical support should be readily available when VPRIV is 
administered. If a severe reaction occurs, current medical standards for emergency treatment are 
to be followed 

Treatment with VPRTV should be approached with caution in patients who have exhibited 
symptoms of hypersensitivity to the active ingredient or excipients in the drug product or to other 
enzyme replacement therapy. 

52 Infusion-related Reactions 

Infusion-related reactions were the most commonly observed adverse reactions in patients 
treated with VPRTV in clinical studies. The most commonly observed symptoms of infusion- 
related reactions were: headache, dizziness, hypotension, hypertension, nausea, fatigue/asthenia, 
and pyrexia. Generally the infusion-related reactions were mild and, in treatment-naive patients, 
onset occurred mostly during the first 6 months of treatment and tended to occur less frequently 



3 



with time. 



The management of infusion-related reactions should be based on the severity of the reaction, 
p.g. slowing the infusion rate, treatment with medications such as antihistamines, antipyretics 
and/or corticosteroids, and/or stopping and resuming treatment with increased infusion time. 

Pre-treatment with antihistamines and/or corticosteroids may prevent subsequent reactions in 
those cases where symptomatic treatment was required. Patients were not routinely pre- 
medicated prior to infiision of VPRIV during clinical studies. 



6 ADVERSE REACTIONS 
6.1 Clinical Studies Experience 

The data described below reflect exposure of 94 patients with type 1 Gaucher disease who 
received VPRIV at doses ranging from 1 5 Units/kg to 60 Units/kg eveiy other week in 5 clinical 
studies. Fifty-four (54) patients were naive to ERT and received VPRIV for 9 months and 
40 patients switched from imiglucerase to VPRIV treatment and received VPRIV for 12 months 
[see Clinical Studies (14)]. Patients were between 4 and 71 years old at time of first treatment 
with VPRIV, and included 46 male and 48 female patients. 

The most serious adverse reactions in patients treated with VPRIV were hypersensitivity 
reactions [see Warnings and Precautions (5J)\ 

The most commonly reported adverse reactions (occurring in >10% of patients) that were 
considered related to VPRIV are shown in Table 2. The most common adverse reactions were 
infusion-related reactions. 

Because clinical trials are conducted under widely varying conditions, adverse reaction rates 
observed in the clinical trials of a drug cannot be directly compared to rates in the clinical trials 
of another drug and may not reflect the rates observed in practice. 



Table 2: Adverse Reactions Observed in > 10% of Patients with Type 1 Gaucher Disease Treated 



with VPRTV 



System Organ Class 
Preferred Term 


Naive to ERT 
N = 54 


Switched from 
imiglucerase to 
VPRTV 

N = 40 


Number of Patients (% ) 


Nervous system disorders 




Headache 


19(352) 


12(30) 


Dizziness 


12(222) 


3 (7.5) 


. Gastrointestinal disorders 




Abdominal pain 


10(18.5) 


6(15) 


Nausea 


3 (5.6) 


4(10) 


Musculoskeletal and connective tissue disorders 




Back pain 


9(16.7) 


7(17.5) 


Joint pain (knee) 


8 (14.8) 


3 (7.5) 


Infections and infestations 




— — 

Upper respiratory tract infection 


17 (3L5) 


12(30) 


Investigations 




Activated partial thromboplastin time prolonged 


6(11.1) 


2(5) 


General disorders and administration site conditions 




Infusion-related reaction* 


28(51.9) 


9(22.5) 


Pyrexia 


12(222) 


5(12.5) 


Asthenia/Fatigue 


7(13) 


5(12.5) 


♦Denotes any event considered related to and occurring within up to 24 hours of VPRTV infusion 



Less common adverse reactions affecting more than one patient (>3% in the treatment-naive 
group and >2% in patients switched from imiglucerase to VPRTV treatment) were bone pain, 
tachycardia, rash, urticaria, flushing, hypertension, and hypotension. 



Pediatric Patients 

All adult adverse reactions to VPRTV are considered relevant to pediatric patients 
(ages 4 to 17 years). Adverse reactions more commonly seen in pediatric patients compared to 
adult patients include Q>10% difference); upper respiratory tract infection, rash, aPTT prolonged, 
and pyrexia. 

Immunogenicity 

As with all therapeutic proteins, there is a potential for immimogenicity. In clinical studies, 
1 of 54 treatment-naive patients treated with VPRTV developed IgG class antibodies to VPRTV. 
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In this patient, the antibodies were determined to be neutralizing in an in vitro assay. No 
infusion-related reactions were reported for this patient It is unknown if the presence of IgG 
antibodies to VPRTV is associated with a higher risk of infusion reactions. Patients with an 
immune response to other enzyme replacement therapies who are switching to VPRIV should 
continue to be monitored for antibodies. 

Immunogenicity assay results are highly dependent on the sensitivity and specificity of the assay. 
Additionally, the observed incidence of antibody positivity in an assay may be influenced by 
several factors, including assay methodology, sample handling, timing of sample collection 
concomitant medications, and underlying disease. For these reasons, comparison of the 
incidence of antibodies to VPRIV with the incidence of antibodies to other products may be 
misleading. 



7 DRUG INTERACTIONS 

No drug-drug interaction studies have been conducted. 

8 USE IN SPECIFIC POPULATIONS 
8.1 Pregnancy - Category B 



Reproduction studies with velaglucerase alfa have been performed in pregnant rats at intravenous 
doses up to 17 mg/kg/day (102 mg/m 2 /day, about 1.8 times the recommended human dose of 
60 Units/kg/day or 1.5 mg/kg/day or 55.5 mg/m 2 /day based on the body surface area). 
Reproduction studies have been performed in pregnant rabbits at intravenous doses up to 20 
mg/kg/day (240 mg/m /day, about 4.3 times the recommended human dose of 60 Units/kg/day 
based on the body surface area). These studies did not reveal any evidence of impaired fertility 
or harm to die fetus due to velaglucerase alfa. 

A pre- and postnatal development study in rats showed no evidence of any adverse effect on pre- 
and postnatal development at doses up to 17 mg/kg (102 mg/m 2 /day, about 1.8 times the 
recommended human dose of 60 Units/kg/day based on the body surface area). There are 
however, no adequate and well-controlled studies in pregnant women. Because animal 
reproduction studies are not always predictive of human response, VPRIV should be used during 
pregnancy only if clearly needed. 

83 Nursing Mothers 

There are no data from studies in Iactating women. It is not known whether this drug is excreted 
in human milk. Because many drugs are excreted in human milk, caution should be exercised 
when VPRIV is administered to a nursing woman. 

8.4 Pediatric Use 

The safety and effectiveness of VPRTV have been established in patients between 4 and 17 years 
of age. Use of VPRIV in this age group is supported by evidence from adequate and well- 
controlled studies of VPRIV in adults and pediatric [20 of 94 (21%)] patients. The safety and 
efficacy profiles were similar between pediatric and adult patients [see Adverse Reactions (6.1) 
and Clinical Studies (14)]. The safety of VPRTV has not been established in pediatric patients 



younger than 4 years of age. 



&5 Geriatric Use 

During clinical studies 4 patients aged 65 or older were treated with VPRTV. Clinical studies of 
VPRIV did not include sufficient numbers of subjects aged 65 and over to determine whether 
they respond differently from younger subjects. Other reported clinical experience has not 
identified differences in responses between the elderly and younger patients. In general, dose 
selection for an elderly patient should be approached cautiously, considering potential comorbid 
conditions. " 

10 OVERDOSAGE 

There is no experience with overdose of VPRIV. 

11 DESCRIPTION 

The active ingredient of VPRTV is velaglucerase alfa, which is produced by gene activation 
technology in a human fibroblast cell line. Velaglucerase alfa is a glycoprotein of 497 amino 
acids; with a molecular weight of approximately 63 kDa. Velaglucerase alfa has the same amino 
acid sequence as the naturally occurring human enzyme, glucocerebrosidase. Velaglucerase alfa 
contains 5 potential N-!inked glycosylate sites; four of these sites arc occupied by glycan 
chains. Velaglucerase alfa is manufactured to contain predominantly higji mannose-type N~ 
linked glycan chains. The high mannose type N-linked glycan chains are specifically recognized 
and internalized via the mannose receptor present on the surface on macrophages, the cells that 
accumulate glucocerebroside in Gaucher disease. Velaglucerase alfa catalyzes the hydrolysis of 
the glycolipid glucocerebroside to glucose and ceramide in the lysosome. 

VPRIV is dosed by Units/kg, where one Unit of enzyme activity is defined as the quantity of 
enzyme required to convert one micromoie of p-nitrophenyl B-D-glucopyranoside to p- 
nitrophenol per minute at 37°C. 

VPRTV is supplied as a sterile, preservative free, lyophilized powder in single-use vials. 
Following reconstitution with Sterile Water for Injection, USP, the solution contains the 
components listed in Table 3. 



Tabic 3: VPRTV Composition Following Reconstitution 





Extractable 200 Units/vial 


Extra ctable 400 Units/vial 


Active Ingredient 






velaglucerase alfa 


200 Units 


400 Units 


Inactive Ingredients 






citric acid, monohydrate 


232 mg 


5.04 mg 


polysorbate 20 


0.22 mg 


0.44 mg 


sodium citrate, dihydrate 


25.88 mg 


51.76 mg 


sucrose 


100 mg 


200 mg 
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12 CLINICAL PHARMACOLOGY 



12.1 Mechanism of Action 

Gaucher disease is an autosomal recessive disorder caused by mutations in the GBA gene, which 
results in a deficiency of the lysosomal enzyme beta-glucocerebrosidase. Glucocerebrosidase 
catalyzes the conversion of the sphingolipid glucocerebroside into glucose and ceramide. The 
enzymatic deficiency causes an accumulation of glucocerebroside primarily in the lysosomal 
compartment of macrophages, giving rise to foam cells or "Gaucher cells". In this lysosomal 
storage disorder (LSD), clinical features are reflective of the accumulation of Gaucher cells in 
the liver, spleen, bone marrow, and other organs. The accumulation of Gaucher cells in the liver 
and spleen leads to organomegaly. Presence of Gaucher cells in the bone marrow and spleen 
lead to clinically significant anemia and thrombocytopenia. 

Velaglucerase alfa catalyzes the hydrolysis of glucocerebroside, reducing the amount of 
accumulated glucocerebroside. 

123 Pharmacokinetics 

In a multicenter study conducted in pediatric (N=7, 4 to 17 years old) and adult (N=15, 
lywv^jviu., vrauf j/au^iiw wmi tjfpc i vjaiuaicr ujscitsc, pnarmacoKinetic evaluations were 
performed at Weeks 1 and 37 following 60-minute intravenous infusions of VPRIV 60 Units/kg 
every other week. Serum velaglucerase alfa concentrations declined rapidly with a mean half 
life of 11 to 12 minutes. The mean velaglucerase alfa clearance ranged from 6.72 to 7.56 
mL/min/kg. Hie mean volume of distribution at steady state ranged from 82 to 108 mL/kg 
(8.2% to 10.8% of body weight). However, because an inadequately validated analytical assay 
method was used in the evaluations, the accurate and definitive pharmacokinetic parameter 
values are not currently available. 

No accumulation or change in velaglucerase alfa pharmacokinetics over time from Weeks 1 to 
= 37 was observed upon multiple-dosing 60 Units/kg every other week. 

Based on the limited data, there were no notable pharmacokinetic differences between male and 
female patients in this study. The effect of age on pharmacokinetics of velaglucerase alfa was 
inconclusive. 

The effect of anti-drug antibody formation on the pharmacokinetic parameters of velaglucerase 
alfa is unknown. 

13 NONCLINICAL TOXICOLOGY 

13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility 

Long-term studies in animals to evaluate carcinogenic potential or studies to evaluate mutagenic 
potential have not been performed with velaglucerase alfa. 

In a male and female fertility study in rats, velaglucerase alfa did not cause any significant 
adverse effect on male or female fertility parameters up to a maximum dose of 17 mg/kg/day 
(102 mg/m 2 /day, about 1 .8 times the recommended human dose of 60 Units/kg/day based on the 
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body surface area). 



14 CLINICAL STUDIES 

The efficacy of VPRIV was assessed in three clinical studies in a total of 99 patients with type 1 
Gaucher disease: 82 patients age 4 years and older received VPRIV and 17 patients age 3 years 
and older received imiglucerase. Studies I and II were conducted in patients who were not 
currently receiving Gaucher disease-specific therapy. Study III was conducted in patients who 
were receiving imiglucerase treatment immediately before starting VPRIV. In these studies 
VPRIV was administered intravenously over 60 minutes at doses ranging from 15 Units/kg to 
60 Units/kg every other week. 

14.1 Studies of VPRIV as Initial Therapy 

Study I was a 12-month, randomized, double-blind, parallel-dose-group, multinational study in 

25 patients age 4 years and older with Gaucher disease-related anemia and either 
thrombocytopenia or organomegaly. Patients were not allowed to have had disease-specific 
therapy for at least the previous 30 months; all but one had no prior therapy. The mean age was 

26 years and 60% were male. Patients were randomized to receive VPRIV at a dose of either 
45 Units/kg (N=13) or 60 Units/kg (N=12) every other week. 

At baseline, mean hemoglobin concentration was 10.6 g/dL, mean platelet count was 97 x 10 9 /L, 
mean liver volume was 3.6 % of body weight (% BW), and mean spleen volume was 2.9 % BW. 
For all studies, liver and spleen volumes were measured by MRL The changes in clinical 
parameters after 12 months of treatment are shown in Table 4. The observed change from 
baseline in the primary endpoint, hemoglobin concentration, was considered to be clinically 
meaningful in light of the natural history of untreated Gaucher disease. 

Table 4: Mean Change from Baseline to Month 12 for Clinical Parameters in Patients with Type 1 
Gaucher Disease Initiating Therapy with VPRIV in Study I 



Clinical Parameter 


Mean Changes from Baseline ± Std. Err. of the Mean 


VPRIV Dose (given every other week) 


45 Units/kg 
N = 13 


60 Units/kg 
N = 12 


Hemoglobin concentration change 
(gtfL) 


2.4 ±0.4* 


2.4 ±03** 


Platelet count change 
(x 10 9 /L) 


41 ± 14* 


51 ± 12* 


Liver volume change 
(%BW) 


-030 ±0.29 


-0.84 ±033 


Spleen volume change 
(%BW) 


-1.9 ±0.6* 


-1.9 ±0.5* 



** Primary study endpoint was hemoglobin concentration change in the 60 Unit/kg group, p < 0.001 
* Statistically significant changes from baseline after adjusting for performing multiple tests 



Study II was a 9-month, randomized, double-blind, active-controlled (imiglucerase), parallel- 
group, multinational study in 34 patients age 3 years and olden Patients were required to have 
Gaucher disease-related anemia and either thrombocytopenia or organomegaly. Patients were 



not allowed to have had disease-specific therapy for at least the previous 12 months. The mean 
age was 30 years and 53% were female; the youngest patient who received VPRTV was age 
4 years. Patients were randomized to receive either 60 Units/kg of VPRTV (N=17) or 
60 Units/kg of imiglucerase (N=17) eveiy other week. 

At baseline, the mean hemoglobin concentration was 1 1.0 g/dL, mean platelet count was 171 x 
10 9 /L, and mean liver volume was 4.3 % BW. For the patients who had not had splenectomy 
(7 in each group) the mean spleen volume was 3.4 % B W. After 9 months of treatment, the 
mean absolute increase from baseline in hemoglobin concentration was 1.6 g/dL ± 0.2 (SE) for 
patients treated with VPRIV. The mean treatment difference in change from baseline to 9 
months [VPRTV - imiglucerase] was 0. 1 g/dL ± 0.4 (SE). 

In Studies I and II, examination of age and gender subgroups did not identify differences in 
response to VPRIV among these subgroups. The number of non-Caucasian patients in these 
studies was too small to adequately assess any difference in effects by race. 

14*2 Study in Patients Switching from Imiglucerase Treatment to VPRIV 

Study III was a 12-month, open-label, single-arm, multinational study in 40 patients age 9 years 
and older who had been receiving treatment with imiglucerase at doses ranging between 
1 5 Units/kg to 60 Units/kg for a minimum of 30 consecutive months. Patients also were required 
to have a stable biweekly dose of imiglucerase for at least 6 months prior to enrollment The 
mean age was 36 years and 55% were female. Imiglucerase therapy was stopped, and treatment 
with VPRTV was administered every other week at the same number of units as the patient's 
previous imiglucerase dose. Adjustment of dosage was allowed by study criteria if needed in 
order to maintain clinical parameters. 

Hemoglobin concentrations and platelet counts remained stable on average through 12 months of 
VPRTV treatment After 12 months of treatment with VPRTV the median hemoglobin 
concentration was 13.5 g/dL (range: 10.8, 16.1) vs. the baseline value of 13.8 g/dL (range: 10.4, 
16.5), and die median platelet count after 12 months was 174 x 10 9 /L (range: 24, 408) vs. the 
baseline value of 162 x 10 9 /L (range: 29, 399). No patient required dosage adjustment during the 
12-month treatment period 

V ■ 

15 REFERENCES 

1. Pastores GM, Weinreb NJ, Aerts H, et al. Therapeutic Goals in the Treatment of Gaucher 
Disease. Semin Hematol. 2004; 41(4 Suppl 5):4-14. 

16 HOW SUPPLIED/STORAGE AND HANDLING 

VPRIV is a sterile, preservative free, lyophilized powder requiring reconstitution and further 
dilution prior to use. It is supplied in individually packaged glass vials, which are closed with a 
butyl rubber stopper with a fluoro-resin coating and are sealed with an aluminum overseal with a 
flip-off plastic cap. The vials are intended for single use only. VPRTV is available as: 
200 Units/vial NDC 54092-701-02 and 400 Units/vial NDC 54092-701-04. 
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16.1 Storage 

VPRIV should be stored in a refrigerator at 2 to 8°C (36 to 46°F). Do not use VPRIV after the 
expiration date on the vial Do not freeze. 

Protect vial from light 

17 PATIENT COUNSELING INFORMATION 

• VPRIV should be administered under the supervision of a healthcare professional. VPRTV is 
a treatment that is given intravenously (by IV) every other week. The infusion typically takes 
up to 60 minutes. 

• Patients should be advised that VPRTV may cause hypersensitivity reactions or infusion- 
related reactions. Infusion-related reactions can usually be managed by slowing the infusion 
rate, treatment with medications such as antihistamines, antipyretics and/or corticosteroids, 
and/or stopping and resuming treatment with increased infusion time. Pre-treatment with 
antihistamines and/or corticosteroids may prevent subsequent reactions. Treatment with 
VPRIV should be carefully re-evaluated in the presence of significant evidence of 
hypersensitivity to the product [see Warnings and Precautions (5.L 5.2)}. 



RxOnly 

VPRTV is manufactured by: 

Shire Human Genetic Therapies, Inc. 
700 Main Street 
Cambridge, MA 02139 

OnePath is a service mark and VPRIV is a trademark of Shire Human Genetic Therapies, Inc. 
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ABSTRACT 



The invention features a method of producing a high man- 
nose ghicocerebrosidase (hmGCB) which includes: provid- 
ing a cell which is capable of expressing glucocerebrosidase 
(GCB). and allowing production of GCB having a precursor 
oligosaccharide under conditions which prevent the removal 
of at least one mannose residue distal to the pentasoccharide 
core of the precursor oligosaccharide of GCB. to thereby 
produce an hmCiCB preparation. Preferably, the condition 
which prevents the removal of at least one mannose residue 
distal to the pentasaccharide core is inhibition of a class 1 
processing mannosidase and/or a class 2 processing man- 
nosidase. The invention also features an hmGCB prepara- 
tion and methods of using an hmGCB preparation. 

63 Claims, 1 Drawing Sheet 
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HIGH MANNOSE PROTEINS AND endocytosis. thereby treating Gaudier disease. Surprisingly, 

METHODS OF MAKING HIGH MANNOSE it was found that 'hmGCB uptake by macrophages was 

PROTEINS increased as compared to uptake of GCB settled from cells. 

Accordingly, in one aspect, the invention features a 
BACKGROUND OF THE INVENTION 5 method of producing a preparation of high mannose gluco- 

cerebrosidase (hmGCB). The method includes: 
Gaucher disease is an autosomal recessive lysosomal providing a cell which is capable of expressing GCB; and 
storage disorder characterize* by a^dencyb the lyso- allowing production of GCB having a precursor oligosac- 
somal er^yme, g ucocerebrosKlase (GCB). GCB hydrolyzes chande mder condilions which ^/"the of al 

fceglycohpidgluc^^^ k, least one mannose reside distal to the pentasaccharide core 

S ri^^M^ *n ^f IT S oftbeprecursoroligosacM^ 
blood cells and red blood cells. The deficiency » ihis an pre paratioa 

enzyme causes glucocerebroside to accumulate in large In a preferred embodiment, the GCB is human GCB. In a 
quantities in the ivsosomes of phagocytic cells located m the f J\ , „. „ 

v 1 j\ r ^' , - . preferred embodiment, the cell is a human cell, 

liver spleen and bone marrow of Gaucher patients. Accu- 15 ^ , , . J . " ; ; u 

mulation of these molecules causes a range of clinical IV prcfciTCd m****™^ the removal of: one or more 

manifestations including splenomegaly, hepatomegaly, skel- a U raaimosc resumes) distal to the pentasaccharide core 
etal disorder, thromboevtopenia and anemia. (BeutJeY et al lS ^' en ^ : an « 1 3 mannose residue distal to the pen- 
Gaucher disease: In: The Metabolic and Molecular Bases of Iasa f ha " de ™* * P^™"* 3 ; « 1^ mannose 

Inherited Disease (McGraw-Hill, Inc. New York. 1995) pp. 20 [f^ue dista* to the pentasaccharide core is prevented. 
2625-2639) Preferably, the removal of one or more a 1.2 mannose 

Treatments for patients suffering from this disease include "^""M distaJ «» lh * pentasaccharide aire is prevented, 
administration of analgesics for relief of bone pain, blood 111 3 P referred embodiment, the method can include con- 

and platelet transfusions and. in some cases, splenectomy teCun £ Ike cell with a substance which prevents the removal 
Joint replacement is sometimes necessary for patients who 25 of al leasl one manm,se residue distal to the pentasaccharide 
experience bone erosion. core 01 Precursor oligosaccharide of GCB, e.g.. prevents 

Enzyme replacement therapv with GCB has been used as rcmovaI ofoDO or more a 1.2-m*nm>se «^iduc(s) distal to 
a treatment for Gaucher disease. Current treatment of tbe P^^saccluiride core. an« J 3 mannose residue distal to 
patients with Gaucher disease includes administration of a ^ P*«asacdiaride core and/or an a 1.6 mannose residue 
carbohydrate remodeled GCB derived from human placenta 30 dis,al 10 lhe pentasaccharide core. Preferably, Ihe removal of 
or Chinese hamster ovary (CHO) cells transfected with a one or more a 1 3. mannose(s) residue distal to the pentasac- 
GCB expression construct and known as alglucerase or chande core is prevented. 

imiglucerase, respectively. The treatment is extremely * n a preferred embodiment, the method includes contact- 
expensive in part because of the cost of removing sugars ^ ce ** w «h a substance which prevents the removal of 
from GCB to expose ihe trimannosyl core of complex 35 31 J* 2351 ooe mannose residue distal to the pentasaccharide 
glycans in order to target the enzyme to mannose receptors core of the precursor oligosaccharide of <iCB ; wherein the 
on cells of reticuloendothelial origin. The scarcity of the substance is a mannosidase inhibitor. The mannosidase 
human placental tissue (in the case of alglucerase). complex inhibitor can be a class 1 processing mannosidase inhibitor, 
purification protocols, and the relatively large amounts of a c!ass 2 processing mannosidase inhibitor or both. The class 
Ihe carbohydrate remodeled GCB required all contribute 10 40 J processing mannosidase inhibitor can be one or more of: 
the cost of the treatment. kifunensine. deoxymannojirimycin. or a similar inhibitor. 

Preferably, the class 1 processing mannosidase inhibitor is 
SUMMARY OF THH INVENTION fcifimensine. Useful class 2 processing mannosidase inhibi- 

tors can include one or more of: swainsonine. manno statin. 
The invention is based, in part, on the discovery that bv 45 6-deoxy-l .4-dideoxy- 1 .4 -imino-D-mannilol (6-deoxy- 
preventing removal of one or more mannose residues distal DIM), and 6-deoxy-6ffuoro-l .4-dideoxy- 1.4-imino-D- 
from tbe pentasaccharide core of a precursor oligosaccharide mannitol (6-deoxy-6-fiooro-DIM). Preferably, the class 2 
chain of a protein, e.g.. a lysosomal storage enzyme, a high processing mannosidase inhibitor is swainsomue. 
mannose protein such as high mannose glucocerebrosidase In a preferred embodiment, a mannosidase inhibitor is 
(hmGCB) can be obtained. These high mannose proteins can 50 present at a concentration between about 0.025 to 20.0 
be used to target the protein to cells which express mannose ug/ml. 0.05 to 10 ug/ml, 0.05 to 5 pg/nil preferably between 
receptors- Such cells can include cells of reticuloendothelial about (11 to 2.0 ug/ml. 

origin including macrophages, Kupffer cells and histiocytes. In a preferred embodiment, the method further includes 

Thus, these high mannose proteins can be used, for example, contacting the cell with a class 1 processing mannosidase 
to target delivery by receptor mediated endocyiosis to lyso- 5.* inhibitor and a class 2 processing mannosidase inhibitor. In 
somes to treat various lysosomal storage diseases. ( a preferred embodiment, the class 1 processing mannosidase 

In particular. hmGCB has been found to efficiently target inhibitor is present at a concentration between about 0.025 
mannose receptors. Mannose receptors are present on mac- to 20.0 ug/ml, 0.05 to J 0 ug/ml 0.05 to 5 ugrail. preferably 
rophages and other cells, e.g.. dendritic cells, carcEomyo- between about 0.1 to 2.0 ug/ml: the class 2 processing 
cytes and gbal cells, and are instrumental in receptor- 60 mannosidase inhibitor is present at a concentration between 
mediated endocytosis. Ihe absence of GCB in patients wiih about 0.025 to 20.0 |ig/m1. 0.05 to 1 0 ug/mi. 0.05 to 5 ug/ml, 
Gaucher disease leads to accumulation of glucocerebroside. preferably between about 0. 1 to 2.0 ug/ml; each of the class 
primarily in cells of reticuloendothelial origin including J processing and class 2 processing mannosidase inhibitors 
maaophages, Kupffer ceils and histiocytes. Because these are present at a concentration between about 0.025 to 20.0 
cells express mannose receptors on their surface. hmGCB 65 ug/mL 0.05 to 10 ug/mi. 0.05 to 5 ug/ml preferably between 
can be used to effectively target delivery of a corrective about 0.1 to 2.0 ug/ml: the total concentration of the class 1 
enzyme to the rysosomes through receptor-mediated processing and class 2 processing mannosidase inhibitors 
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present is between about 0.025 to 40.0 pg/mL 0.05 to 20 In a preferred embodiment, at least 30%. 40%. 50%. 60%. 
ug/ml, 0.05 to 10 pg/ml, preferably between about 0.1 to 4:0 70%, 75%. 80%, 85%, 90%, 95%. 98%. 99% or all of the 
ug/niL hmGCB molecules of the preparation have at least one. and 

In a preferred embodiment, the cell carries a mutation for. preferably two. three or four carbohydrate chains in which 
e.g.. a knockout for, at least one Golgi processing mannosi- 5 the removal of one or more mannosc residues distal to the 
dase. The mutation can be one which reduces the expression pentasaccharide core has been prevented, 
of the gene, reduces protein or activity levels, or alters the In a preferred embodiment- the hmGCB preparation is a 
distribution or other post translarional modifications of the relatively heterogeneous preparation. Preferably. less than 
mannosidase, e.g., the processing of the carbohydrate 80%, 70%, 60% 50%, 45%, 40%, 35%. 30%, 25%. 20%. 
chains. JTie mutation can be one whichNreduces the level of to 15%, 10%, 5% or 1% of the carbohydrate chains in the 
the Golgi processing mannosidase activity, e.g., one which hmGCB preparation have the same number of mannose 
reduces gene expression, e.g., a null mutation, e.g.. a dele- residues in addition to the pentasaccharide core. For 
lion, a frameshift or an insertion. In a preferred embodiment example, the ratio of carbohydrate chains having the same 
the mutation is a knockout, e.g., in the mannosidase gene. number of mannose resides in addition to the pentasaccha- 
The mutation can affect the structure (and activity of the 15 ride core to carbohydrate chains having a different number 
protein), and can. e.g.. be a temperature sensitive mutation of mannose residues can be about: 60%:40%: 50%:50%: 
or a truncation. In a preferred embodiment, the cell carries 40%:60%: 30%:70%: 25%:75%; 20%:80%: I5%:S5%: 
a mutation, e.g^ a knockout, for a class I processing 30%:9O%: 5% or Iess:95% or more, 
mannosidase: a class 2 processing mannosidase: a class 1 In a preferred embodimem. activity ofGolgj mannosidase 

processing mannosidase and a class 2 processing mannosi- 20 IA and/or IB and/or IC is inhibited and at least about 60%. 
dase. In a preferred embodiment, the class 1 processing 70%, 75%, 80%, 85%, 90% : 95%, 9S%. 99% or 100% of the 
mannosidase is: Golgi mannosidase IA; Golgi mannosidase carbohydrate chains in the hmGCB preparation have five or 
IB: Golgi mannosidase IC; or combinations thereof. In a more mannose residues, e.g., five, six, seven, eight and/or 
preferred embodiment, the class 2 processing mannosidase nine mannose residues. In a preferred embodiment, activity 
is: Golgi mannosidase IL 35 of Golgi mannosidase 1 is inhibited and the ratio of carbtv 

In a preferred embodiment, the eel] includes a nucleic acid hydrate chains having live or more mannose residues to 
sequence, such as an antisense molecule or nbozyme, which carbohydrate chains having four or less mannose residues is 
can bind to or inactivate a ceflular mannosidase nucleic acid about 60%:40%: 70%:30%; 75%:25%: 80%:20%: 85%: 
sequence, e.g^ mRNA, and inhibit expression of the protein . 1 5%: 90%: 10%: 95%:5%; 99%: I %: or 1 00%:0%. 
In a preferred embodiment, the nucleic acid sequence is: a 30 In a preferred embodiment, activity of Golgi mannosidase 
class 1 processing mannosidase antisense molecule; a class n is inhibited and at least about 60% 70%, 75%, 80%. 85%. 
2 processing mannosidase antisense molecule: both a class 90%. 95%, 98%, 99% or 100% of the carrxmydrale chains 
1 processing mannosidase antisense molecule and a class 2 in the hmGCB preparation have five or more mannose 
processing mannosidase antisense molecule. In a preferred residues, e.g.. five, six, seven, eight and/or nine mannosc 
embodiment, the class 1 processing mannosidase is: Golgi 35 residues. In a preferred embodiment, activity of Golgi 
mannosidase IA: Golgi mannosidase IB: Golgi mannosidase mannosidase II is inhibited and the ratio of carbohydrate 
. IC; and combinations thereof. In a preferred embodiment, chains having five or more mannose residues to carbohy- 
the class 2 processing mannosidase is: Golgi mannosidase drate chains having four or less majinose residues is about 
II- 60%:4()%: 70%:30%: 75%:25%; 80%:20%: 85%:15%: 

In a preferred embodiment, the cell includes a molecule, 40 90%: 10%: 95%:5%: 99%: 1%: or j00%:0% 
e.g.. an exogenousry supplied molecule, which binds and In a preferred embodiment, the cell includes an exog- 
inhibits a mannosidase. The molecule can be, e.g^ a single enous nucleic acid sequence which includes a GCB coding 
chain antibody, an intracellular protein or a competitive or region. In a preferred embodiment, the cell further includes 
non-competitive inhibitor. a regulatory sequence, an endogenous or exogenous regu- 

In a preferred embodiment, the hmGCB molecule 45 latory sequence, which functions to regulate expression of 
includes a carbohydrate chain having at least four mannose the exogenous GCB coding region, 
residues. For example, the molecule has at least one carbo- In a preferred embodiment, the cell includes an exog- 
hydratc chain having five mannose residues, the hmGCB enous regulatory sequence which functions to regulate 
molecule has at least one carbohydrate chain having six expression of an endogenous GCB coding sequence, e.g.. 
mannose residues, the hmGCB molecule has at least one 50 the regulatory sequence is integrated into the genome of the 
carbohydrate chain having seven mannose residues, the cell such that it regulates expression of an endogenous GCB 
hmGCB molecule has at least one carbohydrate chain bav- coding sequence. 

ing eight mannose residues, the hmGCB molecule has at In a preferred embodiment, the regulatory sequence 

leasi one carbohydrate chain having nine mannose residues. includes one or more of: a promoter, an enhancer, an 
Preferably, the hmGCB molecule has at least one carbohy- 55 upstream activating sequence (UAS). a scaffbld-aitachrnem 
dratc chain having five, eight or nine mannose residues. region or a transcription facior-binding site. In a preferred 

In a preferred embodiment, the hmGCB produced (either embodiment the regulatory sequence includes: a regulatory 
one or more hmGCB molecules or the preparation as a sequence from a metalloihionein-} gene. e.g_ a mouse 
whole) has'a ratio of mannose residues to GlcNAc residues metaliotbioaein-1 gene, a regulatory sequence from an 
which is greater than 3 mannose residues to 2 GlcNAc 60 SV-40 gene, a regulatory sequence from a cytomegalovirus 
residues, preferably the ratio of mannose to GlcNAc is 4:2, gene, a regulatory sequence from a collagen gene, a regu- 
5:2, 6:2, 7:2, 8:2. 9*2. more preferably the ratio of mannosc latory sequence from an act in gene, a regulatory sequence 
to GlcNAc is 5:2, 8:2 or 9:2. from an inmiunoglobulin gene, a regulatory sequence from 

In a preferred embodiment, the removal of one or more the IlMG-CoA reductase gene, or a regulatory sequence 
mannose residues distal to the pentasaccharide core is pre- 65 from the EF-la gene. 

vented on one. two. three or four of the carbohydrate chains In a preferred embodiment, the cell is: a eukaryoiic cell, 
of an hmGCB molecule. Ib a preferred embodiment, the cell is of fungal, plant or 
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animal origin, e.g.. vertebrate origin. In a preferred embodi- 
ment the cell is: a mammalian cell. e.g. a primary or 
secondary mammalian cell. e.g_. a fibroblast, a hematopoi- 
etic stem cell, a myoblast, a keraunocyte, an epithelial cell, 
an endothelial cell, a glial cell, a neural cell, a cell compris- 5 
ing a formed element of the blood, a muscle cell and 
precursors of these somatic cells: a transformed or immor- 
talized eel! line. Preferably, the cell is a human cell. 
. Examples of immortalized human cell lines useful in the 
present method include, but are not limited to: a Bowes to 
Melanoma cell (ATCC Accession No. CRL 9607). a Daudi 
cell (ATCC Accession No. CCL 213). a HeLa cell aud a 
derivative of a HeLa cell (ATCC Accession Nos. CCL2 
CCL2T and CCL 2.2), a HL-60 cell (ATCC Accession No. 
CCL 240), an HT-1080 cell (ATCC Accession No. CCL 15 
121). a Jurkat cell (.ATCC Accession No. TIB 152). a KB 
carcinoma cell (ATCC Accession No. CCL 17). a K-562 
leukemia cell (ATCC Accession No. CCL 243). a MCF-7 
breast cancer cell (ATCC Accession No. BTH 22% a 
MOLT-4 cell (ATCC Accession No. 1582), a Namalwa ceil 20 
(ATCC Accession No. CRL 1432), a Raji cell (ATCC 
Accession No. CCL 86), a RPrVlI 8226 cell (ATCC Acces- 
sion No. CCL 155), a U-937 cell (ATCC Accession No. 
1 593), WI-28VA13 sub line2R4 cells (ATCC Accession No. 
CLL 155), a CCRF-CEM cell (ATCC Accession No. CCL 25 
1 19) and a 27S0AD ovarian carcinoma cell (Van Der Blick 
et al_ Cancer Res. 48:5927-5932, } 988). as well as hetero- 
hyhridoma cells produced by fusion of human cells and ceils 
of another species. In another embodiment, me immortalized 
cell line can be cell line other man a human cell line. e.g_ 30 
a CHOcell line, a COS cell line. In another embodiment, the 
cell can be a from a clonal cell strain or clonal cell line. 

In a preferred embodiment, a population of cells which 
are capable of expressing hmGCB is provided, and at leas! 
30%, 40%, 50%, 60%, 70%, 75%, 80%, 85%, 90%, 95%, 35 
98%. 99% or all of the cells produce hmGCB molecules 
with at least one carbohydrate chain, and preferably two, 
three, or four carbohydrate chains, Iiaving the specified 
number of mannose residues. 

In a preferred embodiment, the cell is cultured in culture 40 
medium which includes at least one mannosidasc inhibitor. 
In a preferred embodiment, the method further includes 
obtaining the hmGCB from the medium in which the cell is 
cultured. 

In another aspect, the invention features a method of 45 
producing a preparation of hmCiCB. The method includes: 

providing a cell which is capable of expressing GCB: and 

allowing production of GCB having a precursor oligosac- 
charide tinder conditions which inhibit class I processing 
mannosidase activity and class 2 processing mannosidase 50 
activity such that the removal of at least one mannose 
residue distal to the pentasaccharide core of the precursor 
oligosaccharide of GCB is prevented, to thereby produce an 
hmGCB preparation. 

In a preferred embodiment, the GCB is human GCB. In a 55 
preferred embodiment, the cell is a human cell. 

In a preferred embodiment, the removal of: one or more 
ct 1,2 mannose residues) distal to the pentasaccharide core 
is prevented; an a 13 mannose residue distal to the pen- 
tasaccharide core is prevented: and/or an a 1.6 mannose 60 
residue distal to the pentasaccharide core is prevented. 
Preferably, the removal of one or more a 1,2 mannose 
residiic(s) distal to the pentasaccharide core is prevented. 

In a preferred embodiment the method can include: . 
contacting the cell with a substance which inhibits a class 1 65 
processing mannosidase activity and a substance which 
inhibits a class 2 processing mannosidase activity thereby 



preventing the removal of at least one mannose residue 
distal 16 the pentasaccharide core of the precursor oligosac- 
charide of GCB. In a preferred embodiment, the substances 
prevent removal of one or more a!2 mannose residue distal 
to the pentasaccharide core. 

In a preferred embodiment, the method includes contact- 
ing the cell with a substance which inhibits a class 1 
processing mannosidase activity and a substance which 
inhibits a class 2 processing mannosidase activity, wherein 
the substances are a class 1 processing mannosidase inhibi- 
tor and a class 2 processing mannosidase inhibitor. In a 
preferred embodiment, the class 1 processing mannosidase 
inhibitor can be one or more of: kifunensine, deoxyman- 
nojirimycin, or a similar inhibitor. Preferably, the class 1 
processing mannosidase inhibitor is kifunensine. In a pre- 
ferred embodiment, the class 2 processing mannosidase 
inhibitor can be one or more of: swainsonine. manno statin. 
6-deoxy-DlM, and 6-deoxy-6-fluoro-DlM. Preferably, the 
class 2 processing mannosidase inhibitor is swainsonine. 

In a preferred embodiment, a class 1 processing mannosi- 
dase inhibitor is present at a concentration between about 
0.025 to 20.0 ug/ml. 0.05 to 10 ug/ml, 0.05 to 5 ug/mL 
preferably between about 0.1 to 2.0 ug/ml: a class 2 pn> 
cessing mannosidase inhibitor is present at a concentration 
between about 0.025 to 20.0 ug/mL 0.05 to 10 ug/ml 0.05 
to 5 ug/ml, preferably between about 0.1 to 2.0 ug/ml; each 
of the class I processing and class 2 processing mannosidase 
inhibitors are present at a concentration between about 0.025 
to 20.0 ug/ml, 0.05 to 10 ug/ml, 0 05 to 5 ug/ml. preferably 
between about 0.1 to 2.0 ug/ml: the total concentration of the 
class 1 processing and class 2 processing mannosidase 
inhibitors present is between about 0.025 to 40.0 ug/ml, 0.05 
to 20 ug/ml, 0,05 to 10 ug/ml, preferably between about 0.1 
to 4.0 ug/ml. 

In a preferred embodiment, the cell carries a mutation for, 
e.g., a knockout for, a class 1 mannosidase and a dass 2 
mannosidase. The mutation can be one which reduces the 
expression of the gene, reduces protein or activity levels, or 
alters the distribution or other post Iranslationai modifica- 
tions of the mannosidase. e.g„ die processing of the carbo- 
hydrate chains. The mutation can be one which reduces the 
level of a class I processing mannosidase and/or a class 2 
processing mannosidase activity, e.g., one which reduces 
gene expression, e.g., a null mutation, e.g., a deletion, a 
frameshift, or an in senior)- In a preferred enibcKument, the 
mutation is a knockout in the mannosidase gene. The 
mutation can affect the structure (and activity of the protein), 
and can, c~g_ be a icmperarurc sensitive mutant. In a 
preferred embodiment, the class I processing mannosidase 
is: Golgi mannosidase IA: Golgi mannosidase IB; Golgi 
mannosidase 1C: combinations thereof. In a preferred 
embodiment, the class 2 processing mannosidase is: Golgi . 
mannosidase II- 

In a preferred embodiment, the cell includes both a class 
1 processing mannosidasc an ti sense molecule and a dass 2 
processing mannosidasc antisense molecule. In a preferred 
embodiment, the class 1 processing mannosidase is: Golgi 
mannosidase LA: Golgi mannosidase IB; Golgi mannosidase 
1C: combinations thereof. In a preferred embodiment, the 
class 2 processing mannosidase is: Golgi mannosidase II. 

In a preferred embodiment, the cell includes a molecule, 
e.g.. an exogenously supplied molecule, which binds and 
inhibits a mannosidasc. The molecule can be, eg- a single 
chain antibody, an intracellular protein or a competitive or 
non-competitive inhibitor. 

In a preferred embodiment, the class 1 processing man- 
nosidase activity and the class 2 mannosidase activity can be 
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inhibited by different mechanisms. For example, a class I mannosidase 1L are inhibited and the ratio of carbohydrate 

processing mannosidase activity can be inhibited by con- chains having five or more marmose residues to carbohv- 

tacling the cell with a substrate which inhibits a class 1 draie chains having four or less mannose residues, respec- 

processing mannosidase, e.g^ a class 1 mannosidase inhibi- tively. is about 60%:40%: 70%:30%: 75%:25%: 80%;20%: 
tor. and the class 2 processing mannosidase can be inhibited 5 85%: 1 5%: 90%:I 0%: 95%: 5%: 99%: 1 %: or ] 00%:0%. 

by using a cell which is a knockout of a class 2 mannosidase In a preferred embodiment, the cell includes an exog- 

and'or includes a class 2 mannosidase antisense molecule. In enous nucleic acid sequence which includes a GCB coding 

another preferred embodiment, a class 2 processing man- region. In a preferred embodiment, the cell further includes 

nosidase activity can be inhibited by contacting the cell with a regulatory sequence, an endogenous or exogenous regu- 

a substrate which inhibits a class 2 processing mannosidase. to latory sequence, which ftinctions to regulate expression of 

e.g.. a class 2 mannosidase inhibitor, and the class 1 pro- the exogenous GCB coding region, 

cessing mannosidase can be inlribited by using a cell which In a preferred embodiment, the cell includes an exog- 

is a knockout of a class J mannosidase and/or includes a enous regulatory sequence which functions to regulate 

class 3 mannosidase antisense molecule. expression of an endogenous GCB coding sequenced e.g.. 

In a preferred embodiment, the hroGCB molecule is the regulatory sequence is integrated into the genome of the 

includes a carbohydrate chain having 3t least four mannose cell such that it regulates expression of an endogenous GCB 

residues. For example, the hmGCB molecule has at least one coding sequence. 

carbohydrate chain having five mannose residues, the In a preferred embodiment, the regulatory sequence 

hmGCB molecule has at least one carbohydrate chain hav- includes one or more of: a promoter, an enhancer, an 

ing six mannose residues, the hmGCB molecule has at least 30 upstream activating sequence (OAS), a scaffold-attachment 

one carbohydrate chain having seven mannose residues, the region or a transcription factor-binding site. In a preferred 

hmGCB molecule has at least one carbohydrate chain hav- embodiment, the regulatory sequence includes: a regulatory 

ing eight mannose residues, the hmGCB molecule has at sequence from a metallomtonem-I gene, e.g., a mouse 

least one carbohydrate chain having nine mannose residues. metaUothioneiii-I gene, a regulatory sequence from an 

Preferably, the hmGCB molecule has at least one carbohy- 25 SV-40 gene, 3 regulatory sequence from a cytomegalovirus 

drate chain having five, eight or nine mannose residues. gene, a regulatory sequence from a collagen gene, a regu- 

In a preferred embodiment, the hmGCB produced (either latory sequence from an actin genc. a regulatory sequence 

one or more hmGCB molecules or the preparation as a from an immunoglobulin gene, a regulatory sequence from 

whole) has a ratio of mannose residues to GIcNAc residues the HMG-CoA reductase gene, or a regulatory sequence 

which is greater than 3 mannose residues to 2 GIcNAc 30 from the EF-lct gene. 

residues, preferably the ratio of mannose to GIcNAc is 4:2, In a preferred embodiment;, the cell is: a eukaryotic ceil. . 

5:2, 6:2, 7:2. 8:2, 9:2, more preferably the ratio of mannose In a preferred embodiment, the cell is of fungal, plant or 

to GIcNAc is 8:2 or 9:2. animal origin, e.g^ vertebrate origin. In a preferred embodi- 

In a preferred embodiment, the removal of one or more mcnt, the cell is: a mammalian cell, e.g^ a primary or 

mannose residues distal to the pentasaccharide core is pre- 35 secondary mammalian cell, e.g., a fibroblast, a hematopoi- 

vented on one, two, three or four of the carbohydrate chains etic stem cell, a myoblast, a keratinocyte, an epithelial cell, 

of the hmGCB molecule. an endothelial celL a glial cell, a neural cell, a cell compris- 

ln a preferred embodiment at least 30%, 40%. 50%, 60%. ing a formed element of the blood, a muscle cell and 

70%, 75%, 80%, 85%, 90% 95%, 98%, 99% or all of the precursors of these somatic cells: a transformed or immor- 

hmGCB molecules of the preparation have at least one, and 40 tabbed cell line. Preferably, the cell is a human cell, 

preferably two. three or four carbohydrate chains in which Examples of immortalized human cell lines useful in the 

the removal of one or more mannose residues distal to the present method include, but are not limited to: a Bowes 

pentasaccharide core has been prevented. Melanoma cell (ATCC Accession No. CRL 9607), a Daudi 

In a preferred embodiment, the hmGCB preparation is a cell (ATCC Accession No. CCL 213). a HeLa cell and a 

relatively heterogeneous preparation. Preferably, less than 45 derivative of a. HeLa cell (ATCC Accession Nos. CCL2 

80%, 70%, 60%, 50%, 45% 40%, 35%, 30%, 25%, 20%, CCL2.1 and CCL 72\ a HL-60 cell (ATCC Accession No. 

15%, 10%, 5% or 1% of the carbohydrate chains in the CCL 240% an HT-1080 cell (ATCC Accession No. CCL 

hmGCB preparation have the same number of mannose 121), a Jurkat cell (ATCC Accession No. TIB 152). a KB 

residues in addition to the pentasaccharide core. For carcinoma cell (ATCC Accession No. CCL 17). a K-562 

example, the ratio of carbohydrate chains having the same 50 leukemia cell (ATCC Accession No. CCL 243), a MCF-7 

number of mannose resides in addition to the pentasaccha- breast cancer cell (ATCC Accession No. BTH 22), a 

ride core to carbohydrate chains having a different number MOLT-4 cell (ATCC Accession No. 1582% a Namahva cell 

of mannose residues can be about: 60%:40%; 50%:50%; (ATCC Accession No. CRL 1432). a Raji cell (ATCC 

40%:60%: 30%:70%; 25%:75%; 2O%:80%; 15%:85%; Accession No. CO- 86). a RPM1 8226 cell (ATCC Acces- 

10%:90%; 5% or Icss:95% or more. 55 sion No. CCL 155), a U-937 cell (.ATCC Accession No. 

In a preferred embodiment activity of a class 1 processing 1 593% WI-28YA1 3 sub line 2R4 cells (ATCC Accession No. 

. mannosidase, e.g., Golgi mannosidase 1A and/or Golgi man- CLL 1 55), a CCRF-CEM cell (ATCC Accession No. CCL 

nosidase IB and/or Golgi mannosidase IC, and activity of a 1 1 9) and a 27 80 AD ovarian carcinoma cell (Van Der Blick 

class 2 processing mannosidase, e.g., Golgi mannosidase II, et al.. Cancer Res. 48:5927-5932, 1988), as well as hetero- 

are inhibited and at least about 60%, 70%, 75%, 80%. 85%, 60 hybridoma cells produced by fusion of human cells and cells 

90%, 95%, 98%, 99% or 1 00% of the carbohydrate chains of another species, in aimuSer embodiment, ihe immortalized 

in the hmGCB preparation have five or more mannose cell line can be cell line other than a human cell line. e.g.. 

residues, e.g., five, six, seven, eight and/or nine mannose a CHO cell fine, a COS cell line. In another embodiment, the 

residues. In a preferred embodiment, activity of a class I cell can be from a clonal cell strain or clonal cell line, 

processing mannosidase, e.g., Golgi mannosidase 1A and/or 65 In a preferred embodiment, a population of cells which 

Golgi mannosidase IB and/or Golgi mannosidase IC, and are capable of expressing hmGCB is provided, and at least 

activity of a class 2 processing mannosidase, e.g., Golgi 30%, 40%, 50%. 60%, 70%, 75%, 80%, 85%. 90%. 95%. 
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98%. 99% or aD of the cells produce hmGCB with at least ) processing and class 2 processing mannosidase inhibitors 
one carbohydrate chain, preferably two. three, or four car- are present at a concentration between about 0.025 to 20.0 
bohydrate chains, having the specified number of mannose ug/ml. 0.05 to 10 ug/ml, 0.05 to 5 ug/ml. preferablv between 
residl,es abomO.I to 2.0 ug/ml:the total concentration of thedass J 

In a preferred embodiment, the cell is cultured in a culture 5 processing and class 2 processing mannosidase inhibitors 
medmm which includes at least one class 1 processing present is berween about 0.025 to 40.0 ue/ml. 0.05 to 20 
mannosidase inhibitor and at least one class 2 processing % ug/ml, 0.05 to 10 ug/ml. preferably between about 0.1 to 4.0 
mannosidase inhibitor, hi a preferred embodiment, the ug/ml. 

method further includes obtaining the hmGCB from the In a preferred embodiment, the cell carries a mutation for 
medium in which the cell is cultured. 10 e.g- a knockout for. at least one mannosidase. The mutation 

In another aspect, the invention features a method of can be one which reduces the expression the gene, reduces 
riroducing a preparation of hmGCB. The method includes: protein or activity levels, or alters the distribution or other 

providing a cell into which a nucleic acid sequence post translation^ modifications of the mannosidase ea_the 
comprising an exogenous regulatory sequence has been processing of the carbohvdrate chains. The mutation can be 
introduced such that the regulatory sequence regulates the ] 5 one which reduces the level of the Golgi processing man- 
expression of an endogenous GCB coding region; and nosidase activity, e,g„ one which reduces gene expression, 

allowing production of GCB ha ving a precursor oligosac- e.g., a null mutation, e.g:. a deletion, a framestrift or an 
chande under conditions which prevent the removal of at insertion. In a preferred embodiment the initiation is a 
least one mannose residue distal to the pentasaccharide core knockout., e.g., in the mannosidase gene. The mutation can 
of the precursor oligosaccharide of GCB. to thereby produce 20 affect the structure (and activity of the protein), and can, e.g.. 
an hmGCB preparation. be a temperature sensitive mutation or a truncation.' In a 

In a preferred embodiment, the GCB is human GCB. preferred embodiment the cell carries a mutation, e.g.. a 

In a preferred embodiment, the removal of: one or more knockout for: a class 1 processing mannosidase: a class 2 
a K2 mannose residue(s) distal to the pentasaccharide core processing mannosidase: a mutant, e.g.. a knockout, for a 
is prevented; an a U mannose residue distal to the pen- ?5 class 1 processing mannosidase and a class 2 processino 
^saccharide core is prevented; and/or an a 1,6 mannose mannosidase. In a preferred embodiment- the class 1 pro" 
radne distal to the pentasaccharide cere is prevented. cessing mannosidase is: Gomi mannosidase 3A: Golgi man- 
Preferably, the removal of one or more a U mannose nosidase IB: Golei mannosidase lC; or combinations 
residues) distal to the pentasaccharide core is prevented. thereof. In a preferred embodiment, the class 2 processing 

In a preferred embodiment, the method can include con- 30 mannosidase is: Golgi mannosidase JI. 
tacting the ceil with a substance which prevents the removal In a preferred embodiment, the cell includes a nucleic acid 
of at least one mannose residue distal to the pentasaccharide sequence, such as an am isense molecule or ribozy me, which 
core of the precursor oligosaccharide of GCB, e.g., prevents can bind to or inactivate a cellular mannosidase nucleic acid 
removal of one or more <x 1 2 mannose residue(s) distal to sequence, eg.. mRNA, and inhibit expression of the protein 
the pentasaccharide core, an a 1 ,3 mannose residue distal to 35 In a preferred embodiment, the nucleic acid sequence is: a 
the pentasaccharide core and/or an a 1,6 mannose residue class 1 processing mannosidase antisense molecule: a class 
distal to the pentasaccharide core. Preferably, the removal of 2 processing mannosidase an ti sense molecule: both a class 
one or more a 1 1 mannose(s) residue distal to the pemasac- 1 processing mannosidase antisense molecule and a class 2 
chande c\>reis prevented. processing mannosidase antisense molecule. In a preferred 

In a preferred embodiment., the method includes contact- 40 embodiment, the class 1 processing mannosidase is* Golgi 
ing the cell with a substance which prevents the removal of mannosidase LA; Golgi mannosidase IB: Golgi mannosidase 
at least one mannose residue distal to the pentasaccharide KT: combinations thereof. In a preferred embodiment, the 
core of the precursor oligosaccharide of GCB, and the class 2 processing mannosidase is: Golgi mannosidase 31 
substance is a mannosidase inhibitor. The mannosidase In a preferred embodiment, the cell includes a molecule, 
inhibitor can be a class 1 processing mannosidase inhibitor, 45 e.g^ an exogenously supplied molecule, which binds and 
a class 2 processing mannosidase inhibitor or both. The class inhibits a mannosidase. The molecule can be. e.g., a single 

1 processing mannosidase inhibitor can be one or more of: chain antibody, an intracellular protein or a competitive or 
luftmcnsine, dcoxymannojirimycin, or a similar inhibitor. non-oompctitivc inhibitor. 

Preferably, the class 1 processing rnannosidase inhibitor is In a preferred embodiment, the hmGCB molecule 
- kifunensme. Useful class 2 processing mannosidase inhibi- 50 includes a carbohydrate chain having at least four mannose 
tors can include one or more of: swainsonine, mannostatin, residues. For example, the hmGCB molecule has at least one 
6KJeoxy-DIM r o^leoxy-6-ffuoro-DIM. Preferably, the class carbohydrate chain having five mannose residues, the 

2 pmcessing mannosidase inhibitor is swainsonine. hmCiCB molecule has at least one carbohydrate chain bav- 
in a preferred embodiment, a mannosidase inhibitor is ing six mannose residues, the hmCiCB molecule has at least 

present at a concentration between about 0.025 to 20.0 55 one carbohydrate chain having seven mannose residues the 
ug/ml, 0.05 to 10 ug/mL 0.05 to 5 ug/ml. preferably between hmGCB molecule has at least one carbohydrate chain hav- 
about 0.1 to 2.0 ug/ml. ing eight mannose residues, the hmGCB' molecule has at 

In a preferred embodiment the method further includes least one carbohydrate chain having nine mannose residues 
contacting the cell with a class 1 processing mannosidase Preferably, the hmGCB molecule has at least one carbohy- 
lnhibitor and a class 2 processing mannosidase innibitor. In 60 urate chain having five, eight or nine mannose residues. " 
a preferred embodiment, a class I processing mannosidase In a preferred embodiment the hmGCB produced (either 

^I?' ^ P 1 rC ?S al 8 COBCcmralk > n between about 0.025 one or more hmGCB molecules or the preparation as a 
to 20.0 ug/ml, 0.05 to 10 ug/ml, 0.05 to 5 ug/ml, preferably whole) has a ratio of mannose residues to GlcNAc residues 
between aboui 0.1 to 2.0 ug/ml; a class 2 processing man- which is greater man 3 mannose residues to 2 GlcNAc 
nosidase inhibitor is present at a concentration between 65 residues, preferably the ratio of mannose to GlcN\c is 4 2. 
about 0025 to 20.0 ug/ml, 0.05 to 10 ug/ml, 0.05 to 5 us/ml, 5:2, 6:2, 7:2. 8:2, 9:2. more preferably the ratio of mannose 
preferably between about 0.1 to 2.0 ug/ml; each of the class to GlcNAc is 5 2 8 2 or 9 Z 
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In a preferred embodiment, the removal of one or more 
mannose residues distal to the pentasaccharide core is pre- 
vented on one. two. three or four of the carbohydrate chains 
of the hmGCB molecule. 

In a preferred embodiment, at least 30%. 40%. 50% 60%. 
70% 75%, 80%, 85%, 90% 95%. 98%. 99% or all of the 
hmGCB molecules of the preparation have at least one. and 
preferably two. three or four carbohydrate chains in which 
the removal of one or more mannose residues distal to the 
pentasaccharide core has been prevented. 

In a preferred embodiment, the hmGCB preparation is a 
relatively heterogeneous preparation. Preferably, less than 
80%. 70%, 60%, 50% 45%, 40%. 35%, 30%, 25%, 20%. 
15%, 10%. 5% or 1% of the carbohydrate chains in the 
hmGCB preparation have the same number of mannose 
residues in addition to the pentasaccharide core. For 
example; the rario of carbohydrate chains having the same 
number of mannose resides in addition to the pentasaccha- 
ride core, to carbohydrate chains having a dilfereut number 
of mannose residues can be about: 60%:40%: 50%:S0%- 
40%:6O%: 30%:70%: 25%:75%: 20%:80%: 15%:85%: 
1 0%:90%; 5% or less:95% or more. 

In a preferred embodiment, activity of Golgi mannosidase 
1A and/or IB and/or IC is inhibited and at least about 60%. 
70%, 75%, 80%, 85%, 90%, 95%, 98%, 99% or 1 00% of the 
carbohydrate chains in the hmGCB preparation have five or 
more mannose residues, e.g.. five, six. seven, eight, and'br 
nine mannose residues. In a preferred embodiment, activity 
of Golgi mannosidase ] is inhibited and the ratio of carbo- 
hydrate chains having five or more mannose residues to 
carbohydrate chains having four or less mannose residues is 
about 60%:40%; 70%:30%; 75%:25%: 80%:20%: 85%: 
15%: 90%:10%; 95%:5%: 99%:1%; or 100%:0%. 

In a preferred embodiment, activity of Golgi mannosidase 
11 is inhibited and at least about 60%, 70%. 75%. 80%. 85%. 
90%, 95%, 98%, 99% or 100% of the carbohydrate chains 
in the hmGCB preparation have five or more mannose 
residues. In a preferred embodiment, activity of Golgi 
mannosidase II is inhibited and the ratio of carrxmydrme 
chains having live or more mannose residues to carbohy- 
drate chains haying four or less mannose residues is about 
60%:40%: 70%:30%; 75%:25%: 80%:2O%: 85%: 15%- 
90%:10%; 95%:5%: 99%:!%; or 100%:0%. 

In a preferred embodiment, the regulatory sequence 
includes one or more of: a promoter, an enhancer, an 
upstream activating sequence (UAS), a scafr«ldVaitachment 
region or a transcription factor-binding site. In a preferred 
embodiment, the regulatory sequence includes: a regulatory 
sequence from a maallothionein-l gene. e.g.. a mouse 
metaHothioneh>l gene, a regulatory sequence from an 
SV-40 gene, a regulatory sequence from a cytomegalovirus 
gene, a regulatory sequence from a collagen gene, a regu- 
latory sequence from an actin gene, a regulatory sequence 
from an immunoglobulin gene, a regulatory sequence from 
the HMG-CoA reductase gene; or a regulatory sequence 
from the EF-la gene. 

In a preferred embodiment, the cell is: a eukaryolic cell. 
In a preferred embodiment the cell is of fiingaL plant or 
animal origin. e.g., vertebrate origin. In a preferred embodi- 
ment, the cell is: a mammalian celL e.g„ a primary or 
secondary mammalian cell, eg., a fibroblast, a hernatapoi- 
ctic stem ceil, a myoblast a keratinocytc, an epithelial cell, 
an endothelial ceh\ a glial cell, a neural cell, a cell compris- 
ing a formed element of the blood, a muscle cell and 
precursors of these somatic cells: a transformed or immor- 
talized cell line. Preferably, the cell is a human cell. 
Examples of immortalized human cell lines useful in the 
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present method include, but are not limited to: a Bowes 
Melanoma cell (ATCC Accession No. CRL 9607), a Daudi 
cell (ATCC Accession No. CCL 213), a HeLa cell and a 
derivative of a HeLa cell (ATCC Accession Nos. CCL2. 
5 CCLZ1 and CCL 22\ a HL-60 cell (ATCC Accession Nr>. 
CCL 240), an HT-1080 cell (AJCC Accession No. CCL 
121), a Jurkat cell (ATCC Accession No. TIB 152). a KB 
carcinoma cell (ATCC Accession No. CCL 17), a K-562 
leukemia cell (ATCC Accession No. CCL 243), a MCF-7 
10 breast cancer cell (ATCC Accession No. B'irl 22). a 
MOLT-4 cell (ATCC Accession No. 1582). a Namarwa cell 
(ATCC Accession No. CRL 1432). a Raji cell (ATCC 
Accession No. CCL 86). a RPMI 8226 cell (ATCC Acces- 
sion No. CCL 155), a U-937 cell (ATCC Accession No. 
i s 1 593), WI-28VA13 sub line 2R4 cells (ATCC Accession No. 
CLL 155), a CCRF-CEM ceD (ATCC Accession No. CCL 
1 1 9) and a 2780AD ovarian carcinoma cell (Van Der Blick 
et al^ Cancer Res. 48:5927-5932, 1988). as well as hetero- 
hybridoma cells produced by fusion of human cells and cells 
20 of another species. In another embodiment, the immortalized 
cell line can be cell line other than. a human cell fine, eg., 
a CHO cell line, a COS cell line. In another embodiment, the 
cell can be from a dona! cell strain or clonal cell line. 
In a preferred embodiment a population of cells which 
25 are capable of expressing hmGCB is provided, and at least 
30%, 40%. 50%, 60%, 70%. 75%, 80%, 85%, 90%, 95%. 
98%, 99% or ail of the cells produce hmGCB with at least 
one carbohydrate chain, preferably two, three, or four car- 
bohydrate chains, having the specified number of mannose 
3<» residues. 

In a preferred embodiment, the cell is cultured in culture 
medium which includes at least one mannosidase inhibitor. 
In a preferred embodiment, the method further includes 
obtaining the hmGCB from the medium in which the cell is 
35 cultured. 

In another aspect, the invention features an hmGCB 
molecule, e.g., an hmGCB molecule described herein, e.g.. 
a human hmGCB, produced by any of the methods described 
^ herein. Preferably, the hmGCB molecule includes at least 
one carbohydrate chain, preferably two. three, or four car- 
bohydrate chains, having at least four mannose residues of 
a precursor oligosaccharide chain. 
In another aspect, the invention features an hmGCB 
45 preparation which includes a portion of hmGCB molecules 
which include at least one carbohydrate chain, preferably 
two, three, or four carbohydrate chains, having at least four 
inannose residues of a precursor oligosaccharide chain. 
Preferably, the hmGCB preparation is produced by any of 
the methods described herein. 

In a preferred embodiment, the hmGCB is human 
hmGCB. 

In a preferred embodiment, the hmGCB molecule can 
have: at least one carbohydrate chain having five mannose 
>5 residues; at least one carbohydrate chain having six mannose 
residues; at least one carbohydrate chain having seven 
mannose residues; at least one carbohydrate chain having 
eight mannose residues: at least one carbohydrate chain 
having nine mannose residues. 
60 In a preferred embodiment the hmGCB produced (either 
one or more hmCiCB molecules or the preparation as a 
whole) has at least one carbohydrate chain having a ratio of 
mannose residues to GlcNAc residues which is greater than 
3 mannose residues to 2 GlcNAc residues, preferably the 
65 ratio of mannose to GlcNAc is 4:2, 5:2, 6*i 7:2, 8:Z 92, 
more preferably the ratio of mannose to GlcNAc is 5:2, 8:2 
or 9:2. 
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In a preferred embodiment, at least 30%, 40%. 50%. 60%. autisense molecule and a class 2 processing mannosidase 
70%, 75%, 80%. 85%, 90%, 95%, 98% r 99% or all of the antisense molecule. In a preferred embodiment, the class 1 
hmGCB of ibe preparation have al least one. preferably, two, processing mannosidase is: Golgi mannosidase J A: Golgi 
three or four carbohydrate chains in which the removal of mannosidase IB; Golgi mannosidase 1C: combinations 
one or more mannose residues distal to die pentasaccharide 5 thereof. In a preferred embodiment, the class 2 processing 
core has been prevented. mannosidase is: Golgi mannosidase H. 

In another aspect, the invention features a cell having at In a preferred embodiment, the cell includes a molecule, 
least one mannosidase activity inhibited and which includes e.g., an exogenously supplied molecule, which binds and 
a nucleic acid sequence comprising an exogenous regulatory inhibits a mannosidase. The molecule can be. e.g.. a single 
sequence which has been introduced such that tlie regulatory 10 chain antibody, an intracellular protein or a competitive or 
sequence regulates the expression of an endogenous GCB non-competitive inhibitor. 

coding region, wherein the cell produces GCB in which the In a preferred embodiment, the hmGCB molecule pro- 
removal of at least one mannose residue distal to the duced by the cell has a ratio of mannose residues to GlcN Ac 
pentasaccharide core of a precursor oligosaccharide of GCB residues which is greater than 3 mannose residues to 2 
is prevented. l5 GkNAc residues, preferably the ratio of mannose to 

In a preferred embodiment, the cell produces an hmGCB GkNAc is 4:2. 5:2. 6:2, 7:2, 8:2, 9:2, more preferably the 
preparation, e.g„ a human hmGCB preparation, in which the ratio of mannose to GlcNAc is 5:2. 8:2 or 9:2. 
removal of: one or more a 1 .2 mannose residues) distal to In a preferred embodiment, the cell is unable to remove of 
the pentasaccharide core is prevented: an a 13 mannose one or more mannose residues distal to the pentasaccharide 
residue distal to the pentasaccharide core is prevented: 20 core on one, rwo T three or four of the carbohydrate chains of 
and/or an a 1,6 mannose residue distal to the pentasaccha- hmGCB. 

ride core is prevented. Preferably, the removal of one or In a preferred embodiment, at least 30%, 40%. 50%. 60%, 
more a 1 ,2 mannose residue(s) distal to the pentasaccharide 70%, 75%, 80%, 85%, 90%, 95%, 98%, 99% or all of the 
core is prevented. hmGCB molecules produced by the cell have at least one. 

In a preferred embodiment, at least one mannosidase 25 preferably, two. three or lour carbohydrate chains in which 
activity in the cell has been inhibited by contacting the cell the removal of one or more mannose residues distal to the 
with a substance which inhibits 2 mannosidase. In a pre- pentasaccharide core has been prevented, 
ferred embodiment, the substance is a mannosidase inhibi- In a preferred embodiment, the regulatory sequence 
tor. The mannosidase inhibitor can be a class 1 processing includes one or more of: a promoter, an enhancer, an 
mannosidase inhibitor, a class 2 processing mannosidase 30 upstream activating sequence (UAS), a scaffold-attachment 
inhibitor or both. In a preferred embodiment the class 1 region or a transcription factor-binding site. In a preferred 
processing mannosidase inhibitor can be one or more of: embodiment, the regulatory sequence includes: a regulatory 
kifunensineand deoxymajiDojirimycin. Preferably, the class sequence from a metallothionein-I gene, e.g., a mouse 
1 processing mannosidase inhibitor is kifunensine. In a mctallottaoncin-I gene, a regulatory sequence from an 
preferred embodiment, the class 2 processing mannosidase 35 SV-40 gene, a regulatory sequence from a cytomegalovirus 
inhibitor can be one or more of: swainsonine, mannostatin, gene, a regulatory sequence from a collagen gene" a regu- 
6-deoxy-DIM and 6-deoxy-6-fluoro-DIM. Preferably, the * latory sequence from an act in gene, a regulatory sequence 
class 2 processing mannosidase inhibitor is swainsonine. from an immunoglobulin gene, a regulatory sequence from 

In a preferred embodiment, the eel) carries a mutation for, the HMG-CoA reduclase gene, or a regulatory sequence 
eg, a knockout lor, at least one Golgi processing mannosi- 40 from the EF-la gene. 

dase. The mutation can be one which reduces the expression In a preferred embodiment, the cell is: a eukaryotic cell, 
of the gene, reduces protein or activity levels, or alters the In a preferred embodiment, the cell is of fungal, plant or 
distribution or other post translational modifications of the animal origin, eg., vertebrate origin. In a preferred embodi- 
mannosidase e.g., the processing of a carbohydrate chain. mem, the cell is: a mammalian cell, eg,, a primary or 
The mutant can be one which reduces the level of Golgi 45 secondary mammalian cell, eg^ a fibroblast, a hematopoi- 
processmg mannosidase activity, eg^ one which reduces etic stem cell, a myoblast, a keratinocyte an epithelial cell, 
gene expression, e.g., a null mutation, eg., a deletion, a an endnrheliai cell, a glial cell a neural cell, a cell compris- 
iramcshift, or an insertion. In a preferred embodiment, the ing a formed clement of the blood, a muscle ceil and 
mutation is a knockout in the mannosidase gene. The precursors of these somatic cells; a transformed or immor- 
inutation can affect the structure (and activity of the protein), so tahzed cell line Preferably, the cell is a human cell, 
and can, e.g., be a temperature sensitive mutation. In a Examples of immortalized human cell lines useftil in the 
preferred embodiment, the cell is a mutant, e.g- a knockout, present method include but are not limited to: a Bowes 
for a class 1 processing mannosidase: a class 2 processing Melanoma cell (ATCC Accession No. CRL 9607). a Daudi 
mannosidase; a class 1 processing mannosidase and a class cell (ATCC Accession No. CCL 213). a HeLa cell and a 
2 processing mannosidase. In a preferred embodiment, the 55 derivative of a HeLa cell (ATCC Accession Nos. CCL2, 
class 1 processing mannosidase is: Golgi mannosidase 1A; CCL2.1. and CCL i.2\ a HL-60 cell (ATCC Accession No! 
Golgi mannosidase IB; Golgi mannosidase IC; combina- CCL 240), an HT-1080 cell (ATCC Accession No. CCL 
tions thereof. In a preferred embodiment, the class 2 pro- 121), a Jurkat cell (ATCC Accession No. TIB 152), a KB 
cessiDg mannosidase is: Golgi mannosidase II. carcinoma cell (ATCC Accession No. CCL 17), a K-562 

In a preferred embodiment, the ceil further includes a 60 leukemia cell (ATCC Accession No. CCL 243)/a MCF-7 
nucleic acid sequence, such as an an l i sense molecule or breast cancer cell (ATCC Accession No. B*1H 22). a 
ribozyme. which can bind to or inactivate a cellular man- MOLT-4 cell (ATCC Accession No. 1 582), a Namahva cell 
nosidasc nucleic acid sequence, e.g., mRNA, and inhibit {ATCC Accession No. CRL 1432), a Raji cell (ATCC 
expression of the protein. In a preferred embodiment, the Accession No. CCL 86). a RPJvfl 8226 cell (ATCC Acces- 
nucleic acid sequence is: a class 1 processing mannosidase 65 sion No. CCL 155). a U-937 cell (ATCC Accession No. 
amisense molecule: a class 2 processing mannosidase ami- . 1 593). W1-28YA13 sub line 2R4 cells (ATCC Accession No. 
sense molecule; both a class I processing mannosidase CLL 155), a CCRF-CEM cell (ATCC Accession No. CCL 
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119) and a 2780AD ovarian carcinoma cell (Van Der Blick exchange chromatography, cation exchange chroma togra- 
ei aL Cancer Res. 48:5927-5932. 1988), as well as betero- pby r and size exclusion chromatography, to thereby obtain 
hybridoma cells produced by fusion of human cells and cells purified hmGCB. 

ol rmoiber species. ]n another embodiment. The immortalized In a preferred embodiment, chromatography material 
cell line can be cell line other than a human cell line c.g_ 5 MEP HYPERCEL® is used for HOC In another preferred 
a CHO cell fine, a COS cell line. In another embodiment, the embodiment, chromatography material MACROPREP 
cell can be from a clonal cell strain or clonal cell line. METHYL® is used for HIC 

In another aspect, the invention features a pharmaceutical In a preferred embodiment, the method includes using 
composition which includes an hmGCB molecule, e.g., a anion exchange chromatography. Preferably, anion 
human hmGCB. which includes at least one carbohydrate to exchange chromatography is performed using one or more 
chain, preferably two. three, or four carbohydrate chains. of the following chromatography materials: Q 
having at least four mannose residues of a precursor oli- SEPHAROSE FAST FLOW$v MACROPREP HIGH Q 
gosaccharide chain, in an amount suitable for treating Gan- SUPPORTS 1 . DEAE SEPHAROSE FAST FLOW®. AND 
cher disease. MACRO-PREP DEAE®. 

In a preferred embodiment, the pharmaceutical composi- 15 In a preferred embodiment, the method includes using 
lion further includes a phamiaceuiicalry acceptable carrier or cation exchange chromatography. Preferably, cation 
diiueni. exchange chromatography is performed using one or more 

Another aspect of the invention features a method of of the following chromatography materials: SP 
treating a subject having Gaucher disease. The method SEPHAROSE FAST FLOW<& : SOURCE 30S&. CM 
includes administering to a subject having Gaucher disease 20 SEPHAROSE FAST FLOW(&, MACRO-PREP CM SUP- 
an hmGCB preparation, e.g.. a human hmGCB preparation. PORT®. AND MACRO-PREP HIGH S SUPPORT®, 
which includes at least one carbohydrate chain, preferably In a preferred embodiment., the method includes using 
two. three, or four carbohydrate chains, having at least four size exclusion chromatography. Preferably, the size exch> 
mannose residues of a precursor oligosaccharide chain, in an sion chromatography is performed using one or more of the 
amount suitable for treating Gaucher disease. 25 following chromatography materials: SUPERDEX 200&. 

In another aspect, the invention features a method of SEPHACRYL S-200 HR® AND BIO-GEL A 1.5M&. 
purifying hmGCB from a sample. The method includes: In a pivferred embodiment, the hmGCB is subjected to (in 

providing a harvested hmGCB product; and subjecting the any order): anion exchange chromatography and cation 
hmGCB product to hydrophobic charge induction chroma- exchange chromatography; anion exchange chromatography 
tograpby (HOC) and'or hydrophobic interaction chroma- 30 and size exclusion chromatography: cation exchange chro- 
tograpby (HIC), thereby obtaining purified hmGCB. matography and size exclusion chromatography: anion 

In a preferred embodiment, chromatography material exchange chromatography, cation exchange chromatogra- 
MEPHYPERCEL® is used for HOC. In another preferred phy and size exclusion chromatography." Preferably, the 
embodiment, chromatography material MACROPREP hmGCB is subjected to all three of these chromatography 
METHYL® is used for HIC. 35 steps in the following order anion exchange chromatogra- 

In another preferred embodiment, the method further phy. cation exchange chromatography and size exclusion 
includes subjecting the hmGCB product to ion exchange chromatography. 

chromatography. The hmGCB product can be subjected to In another aspect, the invention features a method of 
HOC and/or HIC prior to ion exchange chromatography or purifying hmGCB. The melhod includes: providing a har- 
the hmGCB product can be subjected to ion exchange 40 vested hmGCB product; subjecting the hmGCB product to 
chromatography prior to HOC and/or HIC. Preferably, the hydrophobic charge induction chromatography (HOC) and/ 
hmGCB product is subjected to more than one ion exchange or hydrophobic interaction chromatography (HIQ: subject- 
chromaiography step. The ion exchange chromatography ing the HOC and/or HIC purified hmGCB product to anion 
can be: anion exchange chromatography, cation exchange exchange chromatography: subjecting the anion exchange 
chromatography or both. 45 purified hmGCB to cation exchange chromatography: and. 

In a preferred embodiment, anion exchange chromalog- subjecting the cation exchange purified hmuUCB to siyjtr 
raphy is performed using one or more of the following exclusion chromatography, to thereby obtain purified 
chromatography materials: Q SEPHAROSE FAST hmGCB. 

FLOW®. MACROPREP HIGH Q SUPPORT®, DEAE In a preferred embodiment- chromatography material 
SEPHAROSE FAST FLOW®. AND MACRO PREP 50 MEP HYPERCEL® is used for HOC. In another preferred 
DEAE'g. In a preferred embodiment, cation exchange chro- embodiment, chromatography materia) MACROPREP 
matography is performed using one or more of: SP METHYL® is used for HIC. 

Sepharose Fast Hio\v$\ Source 30SO&, CM Sepharose Fast In a preferred embodiment, anion exchange chromatog- 

Fkvw& Macro-Prep CM Support®, and Macro-Prep High S raphy is performed using one or more of the following 
Support®. 55 chromatography materials: Q Sepharose Fast FIow&. Mac- 

In a preferred embodiment, the method further includes roPrcp High Q Support®, DEAE Sepharose Fast Flow<g>. 
subjecting the hmGCB product to size exclusion chroma- and Macro-Prep DEAE®. 

tograpby. Preferably, the size exclusion chromatography is In a preferred embodiment cation exchange chromatog- 
performed using one or more of me following chromatog- raphy is performed using one or more of the following 
raphy materials: SUPERDEX 200®, SEPHACRYL S-200 60 chromatography materials: SP SEPHAROSE FAST 
HR<& AND BIO-GEL A 1.5M«>. FLOW®, SOURCE 30S®, CM SEPHAROSE FAST 

In another aspect, the invention features a method of FLOW®, MACRO-PREP CM SUPPORT®. AND 
purifying hmGCB. The method includes: providing a har- MACRO-PREP HIGH S SUPPORT®, 
vested hmGCB product: subjecting the hmGCB product to In a preferred embodiment, size exclusion chromatogra- 
hydrophobic charge induction chromatography (HOC) and/ 65 phy is performed using one or more of tlie following 
or hydrophobic interaction chromatography (HIQ: and sub- chromatography materials: SUPERDEX 200®. 
jecung the hmGCB product to one or more of anion SEPHACRYL S-200 HR® AND BIO-GEL A 1 .5M®. 
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The term "high mannose glncocerebrosidase (hmGCBr H; (5) ER glucosyl transferase; (6) endomawnosidase: (7) 
as used herein refers to ghicocerebrosidase having ar least Golgi mannosidase IA, IB and IC: (8) GIcNAc transferase J; 
one carbohydrate chain having four or more mannose resi- (9) Golgi mannosidase II. A. Glucose: p. GkNAc: • 
dues from a precursor oligosaccharide. Preferably, the Mannos*. Eii2>Tries(3)3n^ 
hmGCB has five. six. seven, eight or nine mannose residues > enzyme (9) is inhibited by swamsoninc. 
from the precursor oligosaccharide chain. Most preferably. 

the hmGCB has five, eight or nine mannose residues from DETAILED DESCRIPTION OF THE 

the precursor oligosaccharide chain. INVENTION 

The term "hmGCB preparation" refers to two or more 
hmGCB molecules. io The invention is based, in part, on the discovery that 

The term "primary ceir includes cells present in a sus- inhibition of the removal of one or more mannose residues 
pension of cells isolated from a vertebraie tissue source distal from the pentasaccharide core of a precursor oligosac- 
(prior to their being plated i.e., attached to a tissue culture charide chain of glucocerebrosidase (GCB). results in high 
substrate such as a dish or flask), cells present in an explant mannose glucocerebrosidase (hmGCB) that is efficiently 
derived from tissue, both of the previous types of cells plated is targeted to mannose receptors. The removal of a mannose 
for the first time, and cell suspensions derived from these residue from the pentasaccharide core of a precursor oli- 
plated cdls. The term secondary cell or cell strain refers to gosaccharide chain can be prevented bv inhibiting or reduc- 
ceJls at all subsequent steps in cufturing. That is, the first ing the activity of one or more mannosidase enzymes, e.g.. 
time a plated primary cell is removed from the culture one or more class 1 processing mannosidase(s) and/or class 
substrate and replated (passaged), it is referred to herein as 20 2 processing marmosidase(s). By preventing or inhibiting 
a secondary cell, as are all cells in subsequent passages. the removal of one or more mannose residues. hmGCB 
Secondary cells are cell strains which consist of secondary having ai leasi one carbohydrate chain with four or more 
cells which have been passaged one or more times. A cell mannose residues from the precursor oligosaccharide chain 
strain consists of secondary cells that: 1 ) have been passaged can be obtained. 

one or more times; 2) exhibit a finite number of mean 25 Gaucher disease is caused bv a deficiency of GCB GCB 
population doublings in culture: 3) exhibit the properties of is required for degradation of tdvccsphmgolipid glucocer- 
cx>ntaci-inhibite<i anchorage dependem growth (anchorage ebruside. In me absence of GCB. the glucocerebroside 
dependence does not apply to cells that are propagated in accumulates primarily in phagocytic cells, e.g.. macropb- 
suspension culture): and 4) are not immortalized. A "clonal ages, and, ultimately, builds up in the liver, spleen and bone 
cell strain" is defined as a cell strain that is derived from a 30 marrow. 

single founder cell. A ^heterogenous cell strain" is defined as Macrophages have mannose receptors. These receptors 
a cell strain that is derived from two or more founder cells. p l ay a role in receptor-mediated endocytosis by these cells. 

Immortalized cells'*, as used herein, are cell lines (as hmGCB efficiently targets the mannose receptors on mac- 
opposed to cdl strains with the designation "strain" reserved rophages and improves the uptake of GCB (in the form of 
for pnmary and secondary cells), a critical feature of which 35 hmGCB) into these cells. Bv directing <iCB (in the form of 
is that they exhibit an apparently unlimited lifespan in hmGCB) to the cells in which glucocerebroside accumu- 
Jy^' lates. hmGCB can be used to hvdrolyze glucocerebroside in 

The term "transfected ceir refers to a cell into which an the macrophages, thereby reducing the subsequent accumu- 
exogenous synthetic nucleic acid sequence, e.g^ a sequence lation of this gfycolipid in the liver, spleen and bone marrow 
which encodes a protein, is introduced. Once in the cell, the 40 of patients having Gaucher disease, 
synthetic nucleic acid sequence can integrate into the recipi- 
ents ceils chromosomal DNA or can exist episomaljy. Stan- Glucocerebrosidase 

dard transfection methods can be used to introduce the Nucleotide sequence mformation is available for genes 
synthetic nucleic acid sequence into a cell, e.g., transfection encoding glucocerebrosidase from various species. (See 
mediated by liposome, porybrene, DEAE dextran-mediated 45 Horowitz et al. (1989) Genomics 4(l);87-96, disclosing the 
transfection. electronoration, calcium phosphate precipita- gene sequence (SEQ ID NO: I) and amino acid sequence 
tion or microinjection. The term "transfection" does not (SEQ ID NO:2) of human glucocerebrosidase; Bemleret al. 
include delivery of DNA or RNA into a cell by a virus 0 992) Genomics 1 2(4):795-800). 

The term "infected celT or "transduced cell" refers to a Mature human GCB has five potential N- linked grycosy- 
cell into which an. exogenous synthetic nucleic acid 50 lation sites at Asn-I9, Asn-59. Asn-146, Asn-270, and Asn- 
sequence, e.g., a sequence which encodes a protein, is 462. Glycosylaiion occurs at Jour of the five sites inhuman 
introduced by a virus. Viruses known to be useful for gene tissue derived GCB (Erickson ct al. (1 985) J Bio/. Chem. 
transfer include an adenovirus, an adeno-associated virus, a 260:14319-14324). Studies employing site-<firected 
herpes virus, a mumps virus, a poliovirus, a retrovirus, a mutagenesis have demonstrated that the site at Asn~462 is 
Sindbis vims, a lentivirus and a vaccinia virus such as a 55 never occupied (Berg-Fussman et al. (1993) J. Biol. Chem. 
canary pox vims. 268:14861-14866). Approximately 20% of the released 

Other features and advantages of the invention will be glycan chains from human placental (JCB were shown to be 
apparent from the following detailed description, and from of the high mannose type containing up to seven mannose- 
the claims. residues, whereas the majority of the glycan chains were of 

60 the complex tvpe with siafvlated biantennary and trianten- 
BRDEF DESCRIPTION OF THE DRAWING nary structures. (Takasaki et al. (1984) J. Biol Chem, 

259:10112-10117) 

FIG. I is a diagram showing the trimming of N-linked The first event in GCB N-glycosylation is the co-trans- 
grycans as it occurs in the endoplasmic reticulum, the lationaJ transfer in the lumen of the endoplasmic reticulum 
mtermediate conpartment and in the Golgi apparatus. The 65 (ER) of GIc^Man^GlcNAc from ohgosaccharide-PP-doB- 
enzymes are numbered as follows: (I) a-glucosidase 1; (2) chol to nascent peptide. The presence of the three glucose 
a-glucosidase II; (3) ER mannosidase I; (4) ER mannosidase residues on the donor oligosaccharide allows for efficient 
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transfer to an acceptor asparagine by oligosaccharyl trans- Alternatively: primary or secondary cells of vertebrate, 

fence. Following N-glycosybtion. the ghico.se- residues are particularly mammalian, origin can be transfected or 

rapidly removed from GCB during the folding process by infected with an exogenous DNA sequence which includes 

ER glucosidases 1 and 11. Tw o different ER majinosidases are a regulaiory sequence. Examples of such regulatory 
each capable of hydrolyzing a single mannose residue from 5 sequences include one or more of: a promoter, an UAS, a 

MaripGlcNAcz to form two different isomers of scaffold anachmeni region or a transcription binding site. 

Man GkNAc 2 (see FIG. 1). Accessible grycans are then ^ la^etnig event can result in the insertion of the regu- 

further processed in the Golgi to Man 5 GlcNAc 2 by the latorv se< J uence of the DNA sequence placing a targeted 

removal of up to four al .2-linked mannose residues bv endogenous gene under their control (for example, by inser- 
Golgi mannosidasc 1. There are at least three different 10 U0Q ° f a,her a P^oter or an enhancer, or bolh 7 upstream 

human genes encoding related Golgi mannosidase I iso- of the endogenous gene or regulatory- region). Optionally, 

forms (1A, IB. and 1C) with sliahtry different substrate tbe targeting event can simultaneously result in the deletion 

specificities and tissue expression* but all are capable of « an cndogenotis regulatory sequence such as the deletion 

trimming four mannose residues from Man^GkrNAc, gly- of a tjssue-specinc negative regular sequence, of a gene. The 

cans to form MarjjGlcNAc- (Trcmblav ct al. ( JuL 27. 2000) 15 f 80 «Pb ce ™ regulatory sequence; 

J. Biol Chem. [cpub ahead of prmtJVTncy arc located on example, a tissue- specific enhancer can be replaced by an 

chromosomes 6q2Z lp]3. and Ip35-36 and their cDNA ******* that has broader or different cell-type specificity 

sequences are obtainable from GenBank as X74837. **** ,he endo ^ enous elements, or displays a pattern of 

AF027156. and AF261655. respectively regulation or induct ion that is different from the correspond- 

A ; ' r - . , , 3(> ing nontransfected or noninfected cell- In this regard, the 

hJ^^^L ''T 55 "* ? mmm " gl>Can ' 0tbe endogenous sequences are deleted and new sequSces are 

* r, Cl Z . ^r^T'"^' ^l"'" added Altemativery. the endogenous regulator^ Ljuences 

^ fr^of ^ GlcNAcMan,GlcNAc are not xen.oved or replaced are disrated 7d^ed by 

by ihe acnon of GlcNAc transferase 1. after whch Golg, ^ ^ m ^ a$ „ v ^ fc ^ 

I^^^ntTnt m0 ^ B sequent wlhmtteendogenous r^flator^elemen^Intro- 

mannose residues to yield GkNAcManjGlcN Ac, . This >s dnction of a regulatory sequence by homologous recombi- 

the substrate for glycan elonBalion by grvcosvl transferases _? - . ""Tr" 

-. . ,. . . . . v— - " iKuiuu can resmi in pnmary or secondarv cells expressina a 

located in toe trans Golgi and the trans Goto network to ,t->™„;,- „ m , - ■ , . _ - „ F ° 

t , . . - therapeutic protein which it does not normally express. In 

form complex type chains. , ,- r . - _ , , , F 

' •" addition, largeted introduction of a regulatory sequence can 

li the high mannose chains transferred to GCB in the 30 be used for cells which make or contain the therapeutic 

initial N-glycosylalion step can be prevented from being protein but in lower quantities than normal (in quantities less 

processed to complex chains in the Golgi, then GCB with than the physiologically normal lower level) or in defective 

high mannose chains (hmGCB) will effectively target the form, and for cells which make the therapeutic protein at 

mannose receptors on reticuloendothelial cells. physiologically normal levels, but are to be augmented or 
Q e H s 35 enhanced in their content or production. Methods of acti- 

_. . , vating an endogenous coding sequence are described in VS. 

Primary and secondary cells to be transfected or infected Pat . Nos . 5.641,670, 5.733.761 and 5.968.502. the contents 

can be obtained from a variety of tissues and include cell 0 f which are incorporated herein by reference. 

types winch can be maintained and propagated m culture. n,^ , *■ , . r . . . . _ 

c.;" „ . • , _ . v *Tf^ ... . The transfected or infected pnmary or secondary cells 

Z^ % P ^L hT^°u ^ <*» * « may also include a DNA sequence encoding a selectable 

defected or infected include torobbsK. keratinocy.es which confers a selectable phenotypt upon them. 

Z££ ^^Z^^tl"^ "V? ****** ** identification and Lb^TuSL for 

^ P ^f ^ ghaJcells ^ Pnnlucing transfected primary or secondary cells which 

fcmed elements of the blood (eg, lymphocytes, bone slabI ^ ^ DNA ^ clonaI ^ strams ^ 

marrow cells), muscle cells and prectu^rs of these somauc 4J heterogenous cell strains oflnch transfected cells, methods 

^wZ, t S Z^ h - ^ ^ of P^ing the clonal and heterogenous cell sarins, are 

^ r , mmary or ^ ^described, for example^ VS. Pat. Nos!sV 

secondary cells are adnumstocc I (..e an autologous cell). 670 5 . 733 . 76I ^ 5^302. ^ contents of which are 

However,pnrnary cens may beobtamed from a donor (other ^^^^ by reference 

than the recipient) of the same species (i.e.. an allogeneic 50 T „ , r „, . . . ., . . . 

cell) or another species (i.e., a xenogeneic cell) (e.g.. mouse. 2™*" f P ^ZT^ Say c ^ canbemade b y 

rat, rabbit, cat, dog, pig. cow, bird sheep. g<S. horse. ^ , P orat '°'»- BectroporaUon ,s earned out at appropriate 

monkey, baboon). voltage and capaatance (and corresponding time constant) 

" , „ . 'o result in enliy of the DNA constnict(s) into the primary or 

Pnmary or secondary cells or vertebrate, pardcularly secondary cells. Electroporauon can be carried out over a 

mammaBan, ongra can be transfeacd or infected with an 55 wide range of voltages (e.g. 50 to 2000 volts) and corre- 

exogenons DNA sequence. c.g., an exogenous DNA sponding capacitance. Total DNA of approximately 0.1 to 

sequence encoding a therapeutic protein, and produce an 500 pg is generally used 

vTt 1 H*r3 miC Pro, ^ b ^f^ hra ? ly J?' h m Ahemativery, known methods such as calcium phosphate 

7 TT^ ° fUm t *^ bon > precipitation, microinjection, modified calcium phosphate 

the IransJected or infected ptrrmary an J secondarv cells can 60 ^u!,:,^; " j i u - - - v X - 

express the encoded prodWb vivo at physiologically 2,^ 'S 0 '^ ^ 

reievam levels, cells can be recovered after LplaLtion ^^'^^ted gene dehvery can be used to transfect 

and, upon recultunng^ to grow and display their prcimplan- 

tation properties- Cells can be modified to reduce cell Processing of Glucocerebrosidase 

surface histo compatibility complex or foreign carbohydrate 65 Oligosaccharide assembly in cells which have not been 

moieties to reduce immunogeneciry. e.g... a universal donor treated to prevent removal of mannose residues usually 

ce ^^ proceeds as discussed below: 
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The oligosaccharide chains of GCB are attached to die which is highly specific with respect to ihe acceptor oli- 

polypeptide backbone by N-giycosidic linkages. N-linked gosaccharide. the donor sugar, and the type of linkage 

glycans have an amide bond that connects the anomeric formed beiweeo the sugars. ITiese can include distinct 

carbon (C-l) of a redtKring-termmal N-acetylglucosamine GlcNAc transferases (producing p 1.2: (J I. 4; or 0 1,6 
(GlcNAc) residue of the oligosaccharide and a nitrogen of 5 linkages): galactosyltransfcrascs (producing p 1. 4; p 13: 

an asparagine (Asn) residue of the polypeptide. and a 13 linkages): siaryltransferases (one produc/na al 

Initiation of N-linked oligosaccharide assembly does not 5 and another. a2J linkages); focosy ftnmsferases" (pro- 
occur djrectjy on the Asn residues of the GCB protein, but during a 1 3i a 1 3: a 1 ; 4 or a 1.6 linkages); and a growina 
rather involves preassembly of a lipid-linked 14 sugar list of other enzymes responsible for a variety of unusual 
precursor oligosaccharide which is then transferred to the io linkages, Ihe cooperative action of these glvcosyltrans- 
protein in the ER during or very soon after its translation ferases produces a diverse family of structures coHectively 
from mRNA. A "precursor oligosaccharide" as used herein referred to as "complex" oligosaccharides. These may con- 
refers to the oligosaccharide chain involved in the initial taintwo, three or four outer branches ("antennae") attached 
steps in biosynthesis of carbohydrate chains. A "precursor to the invariant core pentasaccharide.. Man^GlcNAc-. These 
oligosaccharide" can be an oligosaccharide structure which 15 structures are referred to in terms of the* number of their 
includes at least the following sugars: Man^GkNAc^ for outer branches; biantennary (two branches), triantennary 
example, a precursor ohgosaccharide can have the following (three branches) or tetraantennarv (four branches). The size 
structure: Glc^Man^GlcNAC;. as shown in FIG. 1. The of these complex glycans can vary, 
precursor oligosaccharide is synthesized while attached via 

a pyrophosphate bridge to a pol>-isoprenoid carrier lipid, a 20 Pr0C€SS,J1 ° of H »8 h Maimose Ghjcocerebrosidase 

dobchol. This assemblv involves at least six distinct mem- hmGCB can be produced by reducing or preventing 

brane bound grycosyltransferases. Some of these enzymes ceIIu,ar carbohydrate modification (i.e, processing) of 

transfer monosaccharides from nucleotide sugars while GCB * Carbohydrate modification can be prevented by 

others utilize dolicboi -linked monosaccharides as sugar aB °wing production of GCB under conditions which pre- 

donors. After assemblv of the hpid-Hnked precursor is vent the removal of at least one mannose residue distal to the 

complete, another membrane-bound enzyme transfers it to Pentasaccharide core of a precursor ohgosaccharide chain of 

siericaHy accessible Asn residues which occur as part of the GCB For CX3 ^P^ ose or r "° je of ihe brimming" stages 

sequence -Asn-X-Ser/Thr-. during the removal of mannose residues from a precursor 

Glycosylated Asn residues of newly-synthesized GCB oli^saccharide can be prevented, 

transiently carry Glc JvJaix/HcNAc^ also referred to herein 30 CeJ,uIar manBOsidases mto two broad classes: class 1 

as an ^unprocessed carbohvdrate chain", processing enzymes, which include ER mannosidase 1. 

Ihe processing of N-linked oligosaccharides is accom- majll)0sidase L ^ 18 IC and whicb hy<irolyze a 

plished by the sequential action of a number of membrane- U-»nhed mannose residues, and require Ca 2 * for activity: 

bound enzymes and begins immediately after transfer of the and class 2 processing enzymes, which include ER man- 
precursor oligosaccharide GIc-MangGlcNAo, to the protein. 3s DOSI<iase H- Golgi mannosidase H f cytosolic omannosidase. 

The terms ^processing", nriinniing" and "modifying" are and 1yst ^ maI a " ,nanm>sidase 3,1(3 which nave a broader 

used interchangeably herein. substrate specificity and do not require Ca** for activity. 

N-linked oligosaccharide processine can be divided into 71)0 trimmijl & of mannose residues from the precursor 

three stages: removal of the three glucose residues removal ohgosaccharide involves at least the following mannosidase 
of a variable number of mannose residues, and addition of 40 enzymes: °° ] ^ mannosidase JA. IB and JC. and Golgi 

Various sugar residues io the resulting trimmed core. mannosidase II. By inhibiting one or more of these man- 

The removal of the glucose residues in the first stage of nosidases du ™« N-linked ohgosaccharide assembly in a 

processing involves removal of all three sracose residues to cdl? 0311 ^ P 1 ^ 110 ^ wmch ^ al Ieas * one carbohy- 

generate N-linked Ma%GIcNAc~. This" structure is also drate cbam wi,h <*" moK rmnnose residues in addition 
referred to herein as: ManoJ-2MajKxl-2Manal-3[Manal- 4* to the pentasaccharide core. For example, inhibition of both 

2Ma«U-3(Man<il-2Manal-6)Mamtl-6JManpi- " ^ mamiosidase 1 311(5 mannosidase ] can produce 

4GlcNAcfll-4GlcNAc (SeeFIG. 1, structure 9). Processing hmGCB Wllh al one carbohydrate chain (and preferably 

normally continues to the second stage with removal of ^ chains) h j xv ^ n B at least eight mannose residues from the 

mannose residues. precursor oligosaccharide: inhibition of Golgi mannosidase 

Pour of the mannose residues of the Man^GlcNACj moi- 50 11 030 produce hmGCB with at least one carbohydrate chain 

ery are bound by a U linkages. Up to four of these a (and preferabIy a " chains ) ^vmg a* least five maimose 

1 JMinked mannose residues can be removed bv mannosi- reskfues from ^ precursor ohgosaccharide. 

dase IA. IB and IC to generate N-lmked Man s gGlcNAc*. Tnmmmg by a mannosidase can be inhibited, for, 

Protein-linked Man,(ilcNAc 2 can then serve as a sub- c * am P Je > by contacting the cell with a substance which 

stratc for GicNAc transferase L which transfers a p 1,2- prevents the removal of one or more mannose residues from 

linked GlcNAc residue from UDP-GlcNAc to the core a a precursor oligosaccharide of GCB or by produci ng GCB in 

1 3-iinked mannose residue to form G IcN AcMan 3 G IcN Ac 2 . a ^ whicb does ** produce or produces at deficient levels 

Mannosidase II can then complete the trimming phase of the m ^ one mannosidase > or in a cell which produces a 

processing pathway by removing two mannose residues to mutated ™ d,or maaive mannosidase. For example, the cell 
generate a protein-linked ohgosaccharide which contains 60 canhea ^lockout for at least one mannosidase, can express 

within it a ManjGlcNAc^ the "pentasaccharide d>re". The 31 leasl one ^^isense mannosidase molecule or can be 

structure GtcNAcMan 3 GkNAc 3 is then a substrate for denmnant negative for at least one mannosidase. 

GlcNAc transferase Il ; which can transfer a 0 1.2-bnked Substances which Prevent Removal of Mannose Residues 

GlcNAc residue to the a 1,6-linked maimose residue. A substance which prevents the removal of one or more 

After ihe Trimming phase, monosaccharides are sequen- 65 mannose residues from a precursor oligosaccharide of GCB 

tialiy added to the growing oligosaccharide chain by a series can be used to produce an hmGCB preparation. For 

of membrane-bound Golgi glycosyltransferases. each of example, a cell which expresses GCB can be contacted with 



US 7.138.262 Bl 
23 24 

a substance which prevents the removal of one or more a 1.2 \arious mannosidase inhibitors can be selected bv their 

inannose residues of a precursor oligosaccharide of GCB. ability to penetrate particular cell types as well as bv the 

andVar removal of an « 1 3 mannose residue of a precursor inhibitory potencv of the mannosidase inhibitor* For 

oligosaccharide ol GCB, anoVor removal of an a 1,6 man- example, swainsonine is rapidly internalized bv cultured 

nose residue of a precursor oligosaccharide of GCB. Prcf- 5 fibroblasts in a time- and conccETration^cpejidcnt manncr 

erabry, the substance is a mannosidase inhibitor e.g., a class Swainsonine is also a potent inhibitor of a class 2 maimosi- 

1 processing mannosidase inhibitor or a class 2 processing dase e.g, Golgi mannosidase 11. Thus, swainsonine can be 

inannosidase inhibrtor. < used to produce hmGCB m cultured fibroblasts, e.g.. 

.Cellular maanosjdases *nto l>road classes on the hmGCB having at least one carbohydrate chain which has at 

/^x°VJ >n), ! m SeqUC11Ce homolo & es (Moremen et al. jo least four or five mannose residues of the precursor oli- 

(1994) Gfya>biohgy 4:113-125). These two classes are gc^charide. In addition, kifunensine isreadilvtakenupby 

mechanistically different. Oass 1 enzymes, which include cultured fibroblasts and is a potent imibiior of class 1 

maimosjdase 1 and Golgi mannosidase I isofornis, have mannosidases. e.a„ ER mannosidase 1 and Golgi mannosi- 

a mass of about 63-73 kDa, hydrolyzeal^-linked mannose dase I. Thus, kifunensine can be used to produce hmGCB in 

residues and require Car* for activity. Oass I processing 15 cultured fibroblasts, e.g. hmGCB having at Ieasi one car- 

mannosidases can be blocked, for example, by treatment bohydrate chain which has at least four. five. six. seven, 

with a substrate mimic, eg, a pyranose analog of mannose. eight or nine mannose residues of the precursor ohgosac- 

For example class 1 processing mannosidases can be charide 

blocked by treatment with one or more of the following Preferably, the mannosidase inhibitor is present at a 

enzymatic mnrtmors: taroneii^ 30 concentration of 0.025 to 20-Oua/mk 0.05 to 10 uc/ml 005 

a combmauon thereof Class 2 enzymes, which include ER to 5 ug/ml. preferably between about 0J to 2.0«g/mi For 

mannosidase 1, Golgi mamiosidase II, cystolic ct-mannosi- example, a class 1 processing mannosidase inhibitor can be 

; 3 iA^f 1^ a - fljannosidas ^ hav f * ™ss of present al a wncentration between about 0.025 U> 20.0 

about 107-136 kD^ do not require Ca"* for activity and ug/ml 0.05 to lOug/mL 0.05 to 5 ug/inl. preferabrv between 

have a broader substrate specificity. Oass 2 processing 25 about 0.1 to 2.0 ug/ml; a class 2 processing mannosidase 

mannosidases can be blocked, ior example, by treatment inhibitor can be present at a concentration between about 

with transition : state analogues of the mannosyi 0.025 to 20.0 ug/ml. 0.05 to 10 un/ml. 0.05 to 5 ug/ml. 

canon (Daniels et al. (1994) GhcoBioL 4:551-566). For preferably between about 0.1 to 2.0 %ml: each of the class 

example, class 2 processing mannosidases can by blocked 1 processing and class 2 processing mannosidase inhibitors 

by treatment with one or more of the following inhibitors: 30 can be present al a concentnmon between about 0.025 to 

swainsonine 6-deoxy-DlM 6-deoxy-6-fruoro-DlM, man- 20.0 ug/ml_ 0.05 to 10 pg/ml 0.05 10 5 ug/ml. preferably 

nostatin£ or actuations thereof. between about 0.1 to 2.0 ug/ml: or the total concentration of 

Kimnensme can be used as an inhibitor of the endoplas- the class 1 processing and class 2 processing mannosidase 

nuc reuculum mannosidase I and/or Golgi mannosidase 1A inhibitors present can be between about 0-025 to 40.0 ug/ml, 

Ti£ a ^>° r deo 7 maimo JJnmycin can be used as an 35 0.05 to 20 ug/ml. 0.05 to 10 ug/ml. preferably betAveen about 

inhibitor of ER mannosidase I. ER mannosidase II and/or of 0 1 to 5 0 ug/ml 

^itZZh ^ L r r^" ,B aDd/ ? ]C i r^ 50 ^ ^ ^eccUcanbecontact^ 

beu^an mlnbatoro^ IJ; andmannosia- for example, culturing the cell on medium which includes at 

tin A can be used as an inhibitor of Golgi mannosidase li. least one mannosidase inhibitor. 

Use ol a mannosidase inhibitor can inhibit the processing 40 

of a carbohydrate chain of GCB past a certain stage of Mannosidase Mutant Cell 

mannose residue trirnming during oligosaccharide assembly. Mannosidase Knockout Cell 

For example, contacting a cell with kifunensine can inhibit Permanent or regulated inactivation of mannosidase gene 
trimming of any, or one, two, three, or four of the mannose expression can be achieved by targeting to a mannosidase 
residues of a precursor oligosaccharide. 45 loc us with a transfected plasmid DNA construct or a syn- 
Processing a-mannosidases can be blocked by treatment thetic oligonucleotide. The plasmid construct or oligonucle- 
of cells with one or more of the following enzyme inhibitors: otide can be designed to several forms. These include the 
Kiiunaisinc, an inhibitor of the endoplasmic reticulum 1 following: I) insertion of selectable marker genes or other 
and Golgi mannosidase 1 enzymes (Weng and Spiro sequences within an exon of a mannosidase gene: 2) inser- 
(1993) J. Biol. Chem 268:25656-25663; Elbein et al. 50 lion of exogenous sequences in regulatory regions of non- 
0990) 7. Biol Chem 265:15599-15605). coding sequence; 3) deletion or replacement of regulatory 
Swainsonine, an inhibitor of the Golgi mannosidase II and/or coding sequences; and. 4) alteration of a protein 
enzyme (Tulsiani et al. (1982) J. BioL Chem 257; coding sequence by site specific mutagenese. 
7936- 7939). In the case of insertion of a selectable marker gene into 
Dcoxymaimojiri myrin, an inhibitor of both endoplasmic 55 coding sequence it is possible to create an in-frame fusion 
reticulum mannosidases I and II and of Golgi mannosi- of an endogenous mannosidase exon with the mannosidase 
dase I (Weng and Spiro (1993) J. Biol. Chem 268: exon engineered to contain, for example; a selectable marker 
25656-25663: Tremblay and Herscovics (2000)7. BioL gene. In this way following successful targeting; the endog- 
CAew. July 27; [epub ahead of print]) cnous mannosidase gene expresses a fusion mRNA (man- 
DIM (l ; 4^ueoxy-1.4-miiix>-r>Hnaiinitol), an inhibitor of 60 nosidase sequence phis selectable marker sequence). More- 
(iolgi inannosidase II (Palamarzyk et al. (1985) Arch. over, the fusion mRNA would be unable to produce a 
Biocbem. Biophys. 243:35-45). functional inannosidase translation product. 
6-Deoxy-DIM and 6^eoxy-6-flnoro-DIM, inhibitors of In the case of insertion of DNA sequences into regulatory 
Golgi mannosidase II (Winchester et al. (1993) Bio- regions, the transcription of a inannosidase gene can be 
\m 10L \ a ?4 ?^- 65 sifeDoe < 3 »y disrupting the endogenous promoter region or 
Maanostahn A, an inhibitor of Golgi mannosidase II anv other regions in the 5' untranslated region (5* UTR) that 
(rropea*aJ.(1990)J?;^^ is needed for transcription. Such regions include for 
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example nanslational control regions and splice donors of As ihe coding strand sequences encoding various man- 
introns. Secondly, a new regulatory sequence can be inserted nosidases are disclosed in. for example Bause (1993) Evr. 

upstream of the mannosidase gene thai would render the j. Biochem. 21 7(2):535-540; Gonzalez et al (1999) /. Biol 
mannosidase gene subject to the control of extracellular Chan. 274(30):2 1375-2 1386: Misago et al. (1995) ' Proc 
factors, h would thus be possible to down-rcgulatc or 5 Natl, Acad. Set. USA 92(25): i 1766-11770: Tremblav et af 

ZT^JT^J^ &«ie expression as desired for opt,- ( 199 8) Gkcbbiohg** S(6>.5S5-595 ; Tremblay et al. (2000) 

P^f^°- Moreover, a sequence which J_ Biol. Chem. July 27:Iepub ahead of print], anLnse 

includes a selectable marker and a promoter can be used to nucleic acids can be designed according to the rules of 

disrupt «P«fsronof the endogenous sequence. Finally, all Watson and Crick base pairing, THe antiW nucleic acid 
or part of the endogenous mannosidase gene could be io molecule can comprise sequence complementary to the 

deleted by appropriate design ol targeting substrates. entire coding region of a mannosidase mRNA, but more 

m order to create a cell which includes a knockout of at preferably is an oligonucleotide which is complementary to 

least one chromosomal copy of the human Golgi mannosi- only a portion of the coding or noncoding region of a 

dase IA, IB or IC gene, the genomic DNA comprising at maiinosidasemRNA. Forexample. uVanlisenseoIigonucIe- 
least the 5* portion oi the gene (including regulatory is otide can comprise sequence complementary to tbe region 

sequences, 5' UTR. coding sequence) is isolated. For surrounding the translation start site of a mannosidase 

Sf^I^v, 1 ^ GenBank ^ence, Accession No.: mRNA. An antisense oligonucleotide can be, for example, 

NM005907 (human)., can be used to generate a probe for about 5. 10 t 15. 20. 25. 30. 35. 40 45 50 or more 

Go^mannosidaseIAorAccessionNos.:.\AF97058canbe nucleotides in length. An antisense nucleic acid can be 
used to generate a probe for Golgi mannosidase IB or IC 20 constructed using chemical synthesis and enzymatic ligation 

using polymerase chain reaction (PCR). Oligonucleotides reactions using procedures known in the art. For example an 

for PCR can be designated based upon the GenBank antisense nucleic acid (eg., an antisense oUgonncleotide) 

sequence. The resulting probe can hybridize to the single can be chemically synthesized using naturally occurring 

copy Golgi mannosidase lA r JB or IC gene. This probe can nucleotides or variously modified nucleotides designed to 

then be used to screen a commercially available recombinant 25 increase the biological stability of the molecules or to 

phage library (e.g^ a library made from human genomic increase the physical stability of the duplex formed between 

DNA) io isolate a clone comprising all or part of the the antisense' and sense nucleic acids, e.g. phosphorothioate 

mannosidase 1 structural genes. Once a recombinant clone derivatives and acridine substituted nucleotides can be used, 

comprising a mannosidase regulatory and/or coding Examples of modified nucleotides which can be used to 

sequence is isolated, specific targeting plasmids designed to 3a generate the antisense nucleic acid include 5-fluorouracil 

achieve the inactivation of mannosidase gene expression can 5-bromouraciJ, 5-<*k>rouracil 5-iodouracil, hypoxanthine 

then be constructed. Inactivate of mannosidase activity xanthine, 4-acetylcytosine. 5-(carboxyhydroxylmethyl) 

results from the insertion of exogenous DNA into regulatory uracil. 5-carboxvmethylairii^ 5-car- 

or coding sequences to disrupt die translational reading boxymethylaminomethvhiracil. dihydrouracil. beta-D-aa- 

frame. Inactrvation of the enzyme can also be the result of 35 lactosylqueosine. inosine. No-isiTpentenyladenine. 1-meuV 

disruption of mRNA transcription or mRNA processing, or ylguanine. 1 -methvlinosine. 2^-dimethyIguanine 

by deletion of endogenous mannosidase regulatory or cod- 2-memyIadcW, 2-methylguaninc, " 3HoaethylcytosincC 

ing sequences. 5-mewylcytosine, N6-adeniae, 7^e%lguanine. 5-methy- 

fhe nucleic acid sequence of other class 1 and class 2 laminomethyluracil, 5-meubox>-ammomemyl-2^hioiirach. 

processing mannosidase arc also available, for example, in 40 beta-DHmannosylqueosine, S'-methoxycarbaxymethyluracil^ 

GenBank. Using the methods described above for Golgi 5-methoxyuraciJ, 2-methyltmo-N^isope^tearyladenine! 

mannosidase IA, IB or IC, a knockout cell for other class 1 uracil-5-oxyacetic acid (v), ybuloxosine. pseudouracil. que- 

and/or class 2 processing rnannosidases can be produced osine, 2-tlmx.-yiosine, 5-roethyl-2-lhiouracil, 2-^iouraciL 

A mannosidase knockout cell can be usedL for example, in 4-thiouracfl. 5naKnhyruracil t uxacil-5-oxyaceric acid merhv 

gene therapy. A knockout cell can be administered to a 45 Jester, uraciI-5oxyacetic acid (v), 5-methyl-2-thiouraciL 

subject, e.g^ a subject having Gaucher disease, such that tbe 3<3-armix>-3-N-2-<3irboxypiopyl) uracil, (acp3)w, and 2.6^ 

cell produces hmGCB in vivo. diaminopurine. AheroatrveJy, the antisense nucleic acid can 

Antisense Mannosidase Nucleic Acid Sequences ^t^^ 0 ^ ^J^™ ^o 

w . - . . . . ... ^ wiucn a nucleic acid has been subcloned m an antisense 

™ ! ^ le * which *■ ~ *° a » orientation (i.e., RNA transcribed from the inserted nucleic 

ot*de encoding a mannosidase, e.g., a class J processing or acid will be of an antisense orientation relative to a target 

class 2 processmg mannosidase, can be used as an inadi- nucleic acid of interest. 

vating agent which inhibits expression of a mannosidase. 

Forexample. Golgi mannosidase IA, Ciolgi mannosidase IB. ' Purification of hmGCB 

Golgi inamaosidase IC, and/or Golgi mannosidase II cxprcs- 55 The term *>rihe<r hmGCB, as used herein, refers to 
sion can be inhibited by an antisense nucleic acid molecu le. hmGCB that is substantially free of cellular material when 
An -antisense" nucleic acid includes a nucleotide sequence produced by a cell which expresses GCB. The language 
which is complementary 10 a "sense" nucleic acid encoding "substantially free of cellular material includes prepara- 
a maniiosidase, e.g., complementary to tbe coding strand of tions of hmGCB in which the protein is separated from 
a doable-stranded cONA molecule or complementary to an 60 cellular components of the cells in which it is produced. In 
mRNA sequence. Accordingly, an antisense nucleic acid can one embodimeni, the language "substantially free of cellular 
form hydrogen bonds with a sense nucleic acid. The anti- material" includes preparations of hmGCB having less than 
sense nucleic acid can be complementary to an entire about 30% (bv dry weight) of non-GCB protein (also 
mannosidase coding strand, or to only a portion thereof. For referred to herein as" a "protein impurity" or "contaminating 
example, an antisense nucleic acid molecule which antisense 65 protein"), more preferably less than about 20% of non-GCB 
to the "coding region of the coding strand of a nucleotide protein, still more preferably less than about 10% of non- 
sequence encoding a mannosidase can be used. GCB protein, and most preferably less than about 5% 
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non-GCB protein. When the hmGCB is obtained (i,e„ sulfonated polystyrenes (AG 50W®. Bio-Rex 70®), su}- 

harvested) from culnire media, it is also preferably substan- fonated celluloses (SP-Sephadex®), and sulfonated 

lialfy free of a component of the culture medium. i.e- Sepharoses (S-Sepharose®). A particularly preferred cation 

components of ihe culnire medium represent less than about exchange matrix is S-Sepharose Fast Flow® (Pharmacia). 

20%. more preferably- less than about 10%, and most prcf- 5 The chromaiographic step involving these matrices is 

erably less than about 5% of the dry weight of the protein most preferably conducted as a column chromatography step 

preparation. or in alternative a batch absorptive technique, which oplktn- 

Various methods can be used to harvest hmGCB from airy can be performed at a temperature between 25° C. to 40° 

culture media. The term "harvested hmGCB" as used herein C. Preferably, a salt is added to a washing or ehiting buffer 

refers to hmGCB obtained from culture media or from a cell. 10 to increase the ionic strength of the buffer. Any of the salts 

For example, one of the following alternatives can be used conventionally used may be employed for this purpose as 

to prepare the harvested hmGCB prior to a purification can be readily determined by one skilled in the art. with 

procedure. These can include: 1) filtering the fresh harvest; NaCl being one of the most frequently and conveniently 

2) filtering the fresh harvest and freezing,, e.g., at about -20° used salts. 

C to -80* C. the filtered product until readty for processing J5 A conventional gel filtration step can also be used in 
(at which lime it can be thawed and., optionally, filtered): 3) combination with the HCIC or HIC chromatography process 
filtering the fresh harvest, concentrating filtered product step. Representative examples of these matrices are pofy- 
(e.g., by about 8 to 10 fold), and then, optionally, filtering dextrans cross Jinked with acrylamides, such as <x>mposite 
again; 4) filtering the fresh harvest, concentrating filtered hydrophilic gels prepared by covalentfy cross linking airy) 
product (e.g.. by about 8 to 10 fold), optionally; filtering 30 dextran with KN'-methvIene bisacrylamide and crosslinked 
again, and then freezing, e.g., at about -20° C. to -80° C, cellulose or agarose' gels. Coimnercially available 
until ready for processing (at which time it can be thawed crosslinked dextran-acrylaraides are known under the trade 
and. optionally, filtered). 'Variations of these alternatives can name Sephacryl® and are available from Pharmacia. Com- 
also be performed. For example, when the harvested product mercially available crosslinked dextran-agarose resins are 
or concentrated harvested product is frozen, different har- 25 known under the trade name Superdexft, available from 
vests can be pooled after thawing and filtered. In addition. Pharmacia; A preferred Superdex® gel is Supcrdex 200®:. 
for harvested or concentrated harvested product the product Examples of crosslinked cellulose gels are those commex- 
can be held at a cooling temperature, eg., about 2° C. to 8° cialry available cross linking porous cellulose gels. e.g.. 
C, for short periods of lime, e.g., about 1 to 3 days, GLC 300® or GLC 1 ,000® that are available from Amkon 
preferably 1 day. prior to purification. The harvested product 30 Inc. Silica based resins such as TSK-Gel SW®_ available 
held at the cooling temperature can be pooled prior to from TosoHaas can be utilized. Polymer based resins such as 
purification. TSK<rel PW®, TSK Alpha Series®. Toyopeari HW pack- 
When a concentration of harvest is performed, an ultra- ings® (copolynierization of ethylene glycol and methyl 
filtration membrane with a 5,000 to 50,000 mw cutoff acrylate polvmcrs) arc also available from TosoHaas. 
preferably a 1 0,000 to 30.000 mw cutoff, can be employed. 35 Preferably, HCIC or HIC can be combined with one or 
Filter clarification will typically employ a 1.2 pm/0.5 pm more of these ion exchange steps. When a combination of 
prefilter. followed by a 0.2 urn final filter. HOC or HIC and various ion exchange or gel filtration steps 
HmGCB can be purified by the following purification are used, they can be performed in any order. For example, 
techniques. For example, hydrophobic charge induction as described below a four step procedure can be followed 
chromatography (HCIC) can be used to purify the hmGCB 40 which includes HOC using hydrophobic charge induction 
preparation- Alternatively, hydrophobic interaction chroma- chromatography material MEP HYPERCEL® or HIC usina 
tography (HIC) can be used to purify the hmGCB prepara- hydrophobic interaction chromatographv material Macro- 
tion. Both HOC and IDC are described below. Prep Methyl®, then ion-exchange chromatography resins Q 
HOC or HIC can be used alone or in combination with SEPHAROSE FAST FLOW®, SP SEPHAROSE FAST 
one or more ion exchange steps. Ion exchange steps that can 45 FLOW® and lastly size-exclusion chromatography resin 
be used in combination with an HCIC or HJC step (either SUPERDEX 200®. Several of these procedures are set forth 
before or after HCIC or HIC) include the use of anion in more detail below, 
exchange and/or cation exchange chromatography. Gcncr- MEP Hypcrcel Chromatography 

ally known commercially available anion exchange supports MEP (mercaptoethylp>Tidine) Hypercel® (BioSepra, Life 

used in the purification of proteins bear quaternary ammo- 50 Technologies) can be used for HCIC. It is a resin consisting 

nhim functional groups. Preferred matrices for use in the of NEP- linked to a regenerated cellulose bead of high 

present process are agarose or cellulose based matrices such porosity (80-100 microns). The functional group (MEP). 

as microcrysialline cellulose or cross-linked agaroses. Also consisting of a hydrophobic tail and an ionizable head group, 

particularly preferred are those matrices bearing diethyl is uncharged at neutral pH and can bind certain protein 

aminoafryl. tricthy] am inom ethyl, or trimcthyl aminomcthyi 55 ligands based on hydrophobic interaction at a physiological 

functional groups. A particulariy preferred anion exchange ionic strength. Emtio© is accomplished by H«-n>acin g p H to 

matrix is trimetbyl aminomethyl crosslinked agarose, which 4 to 5, at which MEP is positively charged, and the protein 

is commercially available, e.g^ Q-Sepharose Fast How® erates from the column due to electrostatic repulsion. For 

(Pharmacia). Generally known commercially available cat- example, prepared harvest or harvest concentrate can be 

ion exchange supports that may be used in the purification 60 applied directly to the MEP column equilibrated with 25 

of proteins bear acidic functionalities, including carboxy and mM sodium phosphate, pH 6.8, containing 180mM sodium 

sulfonic acids. Matrices containing the cation finrctionahties chloride and 2 mM DTT. Optionally, the column can then be 

include various forms of celluloses and polystyrene based washed with equilibration buffer containing 25 mM sodium 

matrices. For example, weak cation exchangers known in caprylate until the absorbance at 280 nm (A280) stabilizes, 

the art include, but are not limited to, Carboxymethyl- 65 ThehmuGCB can be etoted from the column with 50 mM 

Sepbarose® and Carboxymeihyl-Ccllujose®. Strong cation sodium acetate, 2 mM DTT, pH 4.7. and the peak as 

exchangers known in the art include, but are not limited to, monitored at 280 nm can be collected. 
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MacroPrep Methyl Chromatography concentration in the load or by running the column at a 

An alternative to MEP HyperceK&> is MacroPrep higher pH, or by a combination of both decreased salt and 

Methyl^, which is a hydrophobic interaction chramatogra- higher pH. 

phy (HIC) resin. This resin consists of a methyl ftmctiortal SP Sepharose Chromatography 

group attached to a bead composition of macroporous co- 5 SP Sepharose Fast Flow® (Amcrsham Pharmacia) is a 
polymerized glycol methacrylate and diethylene glycol relatively strong cation exchange chromaiograpby resin. The 
dimethacrylate. For example, MacroPrep Methyl^ (Bio- functional substrtuienl is a charged sulfonic acid group. 
Rad) chromatography can be performed as follows. The pH which is negatively charged over a working pH range of 2 
of the harvest or harvest concentrate is adjusted to 5:6. and to 1 2. Proteins with a net positive charge at the working pH 
ammonium sulfate is added to 0.70 M final concentration. 10 will tend to bind to the resin at a relatively low ionic strength 
The prepared harvest can be applied to the MacroPrep and can be eluted at higher ionic strength or higher pH. 
Methyl® column, which has been equilibrated in 0.70 M HmGCB binds to SP Sepharose at approximately pH 6 and 
ammonium sulfate, 10 mM MES. pH 5.6. After application intermediate ionic strength (e.g. 6.5 mS/cm) and can be 
of the load, the column is washed with equilibrated buffer eluted at higher ionic strength (e.g., 10.7 mS/cm). Impurity 
until the .42 80 returns to baseline. The hmGCB can be eluted 15 proteins remain bound to SP Sepharose under conditions of 
with 30 mM MES. pH 5.6. The eluted hmGCB can be hmGCB ehition. thereby purifying the hmGCB in the 
ultrafUtered and/or diafiltered in preparation for steps such sample. For example, the following protocol can be used to 
as an ion exchange step such as Q Sepharose chromatogra- purify hmGCB by SP Sepharose Fast FIowS chromatogra- 
phy SP Sepharose criromatography and/or Superdex 200 phy. Sodium chloride (2.0 M stock) is added to the Q 
Chromatography. 20 Sepharose® flowihroughAvash until the conductivity is 63 
Q Sepharose Chromatography mS/cm. The pH is checked and readjusted to pH 6.0 if 
Q Sepharose Fast Flow® (Amershain Pharmacia) is a necessary Then, addition of sodium chloride stock is con- 
relatively strong anion exchange chromatography resin. The tinued until the conductivity is 6.5 mS/cm. The material is 
fuiKUoJial substituted is a quaternary amine group, which is filtered and applied to a column of SP Sepharose Fast 
positively charged' over the working pH range of 2 10 12. 25 Flow<& which has been equilibrated with 25 mM sodhim 
Proteins with a net negative charge at the working pH will phosphate, 44 mM sodium chloride. pH 6.0. After applica- 
tend to bind to the resin a! a relatively low ionic strength and lion of the load, the column is washed with equilibration 
can be eluted at higher ionic strength or lower pH. HmGCB buffer until the baseline is reached and eluted with 25 mM 
does not bind to Q Sepharose at approximately pH 6 and low sodium phosphate. 84 mM sodium chloride. pH 6.0. 
ionic strength, but impurities do bind, thereby purifying the 30 HmGCB is found in the ehition fraction, 
sample. For example, the following protocol can be used to .Another cation exchange resin, e.g.. Source 30S& (Phar- 
purify hmCiCB in the sample by Q Sepharose Fast FlowOfc macia), CM Sepharose Fast Haw#> (Pharmacia). Macro- 
chromatograpby. Under appropriate conditions, hmGCB Prep CM Support® (BioRad) or Macro-Prep High S Sup- 
flows through this column, so the product is found in the port® (BioRad), can be used as an alternative 10 SP 
flowtlirough/wash fraction. Sodium phosphate (250 mM.. pH 35 Sepharose. The hmGCB can bind to the column at approxi- 
6) is added to the MEP elution pool prepared as described matery pH 6 and low to intermediate ionic strength, such as 
above to a final concentration of 25 111M, and the pH of the 4 to 7 mS/cm. A buffer, e.g.. j 0 mM sodium citrate! pH 6.0. 
pool is adjusted to pH 6 with NaOH (and HC1 if necessary). 10 mM MES. pH 6.0. 25 mM sodium phosphate. pH 6.0. or 
Ihe conductivity is adjusted to Z5±0.1 mS/cm by dilution other buffer with adequate buffering capacitv at pH 6.0 can 
with water or by iiltrmiltratioii/diafi using 25 mM 40 be used to equilibrate the column. The ionic strength of the 
sodium phosphate, 2 mM DTT, at approximately pH 6. The sample is adjusted by dilution or diafiliraiion to a level 
material is then filtered and applied to a column of Q which will accommodate binding to the column. The sample 
Sepharose Fast Flow® which has been equilibrated in 25 is applied to the column and the column is washed after the 
mM sodium phosphate. 2 mM DTT, pH 6.0. After applica- load to remove unbound material. A salt. e.g.. sodium 
tion of the load, the column is washed with equilibration 45 chloride or potassium chloride, can be used to elute the 
buffer until the A280 reaches baseline. The fiowtbruugh/ hmGCB from the column. Alternatively, the hnrtiCB can be 
wash fraction can then be processed through another col- eluted from the column with a buffer of higher pH or a 
umn, eg., SP Sepharose Fast Flow® column, shortly there- combination of higher salt concentration and higher pH. 
after, e.g.. within 24 hours, or frozen and stored at about The hmGCB can also be made 10 flow through the cation 
-20° C. to -80° C. prior to further processing. 50 exchange column during loading by increasing the salt 
Other strong anion exchange resins, such as Macro-Prep concentration in the equilibration buffer and in the sample 
High Q Support® (BioRad) can be used in place of Q load, by running the column at a higher pH or by a 
Sepharose. A weaker anion exchange resin such as DEAE combination of both increased sail and higher pH. 
Sepharose Fast Flow® (Pharmacia) or Macro-Prep DEAE® Superdex 200 Chromatography 

(BioRad) can also be used. The column is equilibrated in 55 Superdex 200 prep grade® (Amcrsham Pharmacia) is 

buffer; c.g. T 25 mM sodium phosphate, pH 6. The pH of the used for size exclusion chromatography of hmGCB. 

sample is adjusted to pH 6 and the conductivity is adjusted whereby molecules are separated by size, molecular mass, 

by dilution or diaffltration to a relatively low ionic strength. strokes nnfius or hydrodynamic volume. Superdex 200 is 

which allows impurities to bind to the column and hmGCB composed of dextran covalentry cross linked to agarose and 
to flow through. The sample is applied and the column is 60 has a fractionation range of 10.000 to 60.000 molecular 

washed with equilibration buffer. Impurities are still bound weight for globular proteins. For example, the following 

to the column, and can be chited with application of salt, protocol can be used to pnrifv hmGCB by Superdex 200<B> 

c.g„ sodium chloride or potassium chloride, or application dmmiatography. The SP elution pool is concentrated by 

of a lower pH buffer, or a combination of increased salt and ultrafiltration using a 10,000 mw cutoff membrane. The 
lower pH. 65 concentraied pool is filtered, then applied to a Superdex 200 

The hmGCB can also be allowed to bind the anion prep grade® column which has been equilibrated in 50 mM 

exchange column during loading by decreasing the salt sodium citrate, pH 6.0. The A280 of the column effluent in 
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the initial fractions is collected and for example, an 8 to sodium bisulfite: chelating agents such as etfaylenediamine- 

1 6% SDS polyaciylamide gel is run to determine pooling of tetraacetic acid: buffers such as acetates, citrates or phos- 

fiactions. Pooling may be decided based on visual inspec- ptees and agents for the adjustment of tonicity such as 

Uonofthe siNer-stamedgeK sodium chloride or dextrose. pH can be adjusted with acids 

^IZJtwt™ n^T^ 1 * r^-r^l 3S 5 ? 5ascs ? such as hydrochloric acid or sodium hydroxide. 

?£\ r Preparation can be enclosed in ampoules. 

TSK Gel resins can also be used to punfv hmGCB. The - , , . , . ^ty™^? 

buffer used for size exclusion chromatography of hmGCB is ^ * 8 " 

50 ruM sodium citrate, pH 6.0. Other buffers can also be P 1C ' 

used such as 25 mM sodium phosphate. pH 6.0 containing io Pharmaceutical compositions suitable for injectable use 

0.15 M sodium chloride. The pH of the buffer can be include sterile aqueous solutions (where water soluble) or 

between pH 5 and pH 7 and should have sufficient ionic dispersions and sterile powders. e.g_ lyophilizcd prcpara- 

strengih to minimize ionic interactions with the column. liQns? foMhc extemporaneous preparation of sterile inject- 

Variations of pH, buffer aooYor salt concentration in any ab ? e 501,11101,5 dispersion. For intravenous administration, 

of die purification protocols described above can be per- 15 suitaDle carriers include physiological saline, bacteriostatic 

formed by routine methods to achieve the desired purified wMet. Cremophor EL<& ; (BASF. Parsippany, N J.) or phos- 

product. pbate buffered saline (PBS). In all cases, the composition 

r _ . . k m , must be sterile and should be fluid to the extent thai easy 

Assays for r^ermming Macrophage Uptake and Cellular sjra^bility exists. It must be stable under the conditionsof 

largeting ol hmGCB ^ manufacture and storage and must be preserved against the 

fhe uptake efficiency of hmGCB by macrophages can be " contaminating action of microorganisms such as bacteria 

determined by assaying, e.g^ protein levels and/or enzyme and fungi. The carrier can be a solvent or dispersion medium 

activity in macrophages. For example, as described in the containing, for example, water. etbanoL pohvol (for example. 

^ X fT^o^ 0 ^ and m DmiCnl 01 * (]987)7 * I****** gfycerohpropyleneg^ 

Bwl ^^JL^m^m^^Mwm^^ and the like), ami Citable mixtures thereof. The proper 

line can be used to determine absohue and mannose receptor -> fluidity can be maintained, for example, by the use of a 

specific uptake of hmGCB. ri3C& 5S Jociihin. by the mamtcriance oi the reouircd 

in addiuon, in vivo comparison of uptake of lunGCB and panicle size in the case of dispersion and by the use of 

<iC B by hver cells can be determined ax described, for surfactants. Prevention of the action of microorganisms can 

example, in Friedman et al. (1999) Blood 93:2807-2816. be achieved by various antibacterial and antifungal agents. 

Briefly- a mouse model can be injected with hmGCB or 30 for example, parabens. chtorobutanol. phenol, ascorbic acid! 

GCB and then sacrificed shortly thereafter. The liver of the ihimerosaL and the like, in manv cases, it will be preferable 

animal can then be used to prepare a suspension of liver to include isotonic agents, for example, sugars, polvalcohols 

cells e.g., parenchymal cells, Kupffer cells, endothelial cells such as manitol. sorbitol! sodium chloride in the composi- 

and hepatocytes. The cells can then be separated, identified tio n. Prolonged stability of the injectable compositions can 

by irnirptology and the protein levels and/or enzymatic be brought about by including in the composition an agent 

activity of hmGCB and GCB in the various liver cell types which delays adsorption, for example, aluminum 

can be determined. Alternatively, imiminohistocfaenijcal monostearate. human serum albumin and gelatin 

detection may be be used to localize hmGCB to a specific Qt • • t . , . , , . 

cell or ceil type in tissue of treated animals. J^t?^n ™t ^ ^ 

40 rating toe nmuCB in the required amount in an appropriate 

Pharmaceutical Compositions solvent with one or a combination of ingredients enumerated 
High mannose glucocerebrosidase (hmGCB) can be above, as required, followed by filtered sterilization. Gen- 
incorporated into phaimaceutical compositions suitable for eraily, dispersions are prepared by incorporating the active 
administration to a subject, e.g^ a human. The composition compound into a sterile vehicle which contains a basic 
can include a sufficient dosage of hmGCB to treat a subject 45 dispersion medium and the required other ingredients from 
having Gaucher disease. As used herein the language "phar- those enumerated above. In the case of sterile powders for 
maceutically acceptable carrier" is intended to include any tne preparation of sterile injectable solutions, the preferred 
and all solvents, excipicnts, dispersion media. coatiugs T methods of preparation are vacuum drying and frceze- 
antibacterial and antifungal agents, isotonic and adsorption drying, e.g., Jyophilization, which yields a powder of the 
delaying agents, and the like, compatible with pharmaceu- 50 active ingredient plus any additional desired ingredient from 
lical administration. The use of such media and agents for a previously sterile-filtered solution thereof, 
pharmaceutical^ active substances is well known in the art. In one embodiment, the active compounds are prepared 
Fjccept insofar as any conventional media or agent is incom- with carriers tliat will protect the compound against rapid 
patible with the active compound, such media can be used elimination from the bodv. such as a controlled release 
in the compositions of the invention. Supplementary active 55 formulation, including implants and microencapsulated 
ctmmounds can also be incorporated into the compositions, delivery systems. Biodegradable, biocompatible polymers 
A pharmaceutical composition of the invention is formu- - can be used, such as ethylene vinyl acetate, polyanhvdrides, 
lated to be compatible with its intended route of adminis- polyglycolic acid, collagen, polyorlhoesters, and porylactic 
tration. Examples of routes of administration include acid. Methods for preparation of such formulations will be 
parenteral, e.g.. intravenous, intradermal, and subcutaneous 60 apparent to those skilled in the art. The materials can also be 
administration. Preferably, the route of administration is obtained commercially from Alza Corporation and Nova 
mtravenous. Solutions or suspensions used for parenteral Pharmaceuticals. Inc. Liposomal suspensions (including, 
application can include the following components: a sterile liposomes targeted to infected cells with monoclonal anti- 
diluent such as water for injection, saline solution, fixed oils, bodies to viral antigens) can also be used as pharmaceutic 
polyethylene glycols, glycerine, propylene glycol or other 65 cally acceptable carriers. These can be prepared according to 
synthetic solvents: antibacterial agents such as benzyl alco- methods known to those skilled m the art, for example, as 
hoi or methyl parabens; antioxidants such as ascorbic acid or described in VS. PaL No. 4,522,81 1 . 
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Treaiment of Gaucher Disease cyies in the spleen. Such lysosomal storage diseases include, 

HmCiOB. e.g_ any hmCiCB molecule or preparation but are not limited to. Farber disease and Neimann-Pick 

described herein, can be used to treat a subject having disease. 

Gaucher disease. Alternatively, any mannosidase knockout Farber disease is an autosomal recessive lysosomal stor- 

cell described herein- can be introduced into a subject having 5 age disorder characterized by a deficiency in acid ccrami- 

Gaucher disease to deliver hmGCB to the subject. Various dase. Ceramidases are enzymes responsible for degradation 

routed of administration and various sites can be used. Once of ceramide. If ceramide degradation is insufficient then 

implanted in individual, the knockout cell can produce ceramide accumulates leading to granuloma formation and 

hnrKKT*. histiocytic response. (Moser. H. W. Ceramidase deficiency: 

Preferably, the knockout cells used will generally be JO Farber lipogranulomatosis: in: 'fhe Metabolic and Molecu- 

patient-specific genetically engineered cells. It is possible. lar Basis of Inherited Disease (C R. Scriver A. L. Beaudet. 

however, to obtain cells form another individual of the same W. S. Sly and D. Vaile. Eds.), Seventh edition, pp. 

species or form a different species. Use of such cells might 2589-2599. McGraw-Hill Inc.. New York (1 995)) 

require administration of an immunosuppressant, alteration There are several types of Farber disease including Farber 

of histocompatibility antigens, or use of a barrier device to 15 type I. type 2, type 3, type 4, and type 5 which differ in 

prevent rejection of the implanted cells. severity and sites of major tissue involvement. There is also 

Gaucher disease is an autosomal recessive lysosomal type 6 and type 7 Farber disease. High mannose acid 

storage disorder characterized by a deficiency in the lyso- ceramidase can be given to a subject having Farber disease 

somal enzyme, gjucocerebrosidase (GCB). GCB hydrolyzes to treat, i.e.. alleviate or reduce at least one symptom, of the 

the glycolipid ghrcocercbroside that is formed afier degra- 20 disease. Symptoms of Farber disease type 1 include; swell- 

dation of glycosphingolipids in the membranes of white ing of the joints (particularly the interphalangeaL metacar- 

blood cells iand red blood cells. If GCB hydrolysis is J>ak ankle, wrist, knee and elbow), palpable nodules in 

insufficient then glucocerebroside can accumulate in mac- relation to the 3 fleeted joints and over pressure points, a 

rophages (Gaucher cells), causing anemia, thrombocylope- hoarse cry iliat may progress to aphonia, feeding and res- 

nia, organomegaly and major bone problems. 25 piratory difficulty, poor weight gain and intermittent fever. 

There are several types of Gaucher disease including The symptoms usually occur between ages two weeks and 

Gaucher type l t type 2 and type 3. which can arise due to foui juOjiuts. Symptoms of Farber type 2 and type 3 include: 

various mutations in the GCB gene. A ~therapeuiicalfy subcutaneous nodulaes. joint deformities, and laryngeal 

effective amount" of hmGCB. Le., a dosage of hmGCB involvement. These subjects survive longer than subjects 

sufficient to treat Gaucher disease, can be given to a subject 30 having Farber type 1. Farber disease type 5 symptoms 

having this disorder. The term "treat" T as used herein refers include psychomotor deterioration beginning at one to two 

to reducing or inhibiting one or more symptoms of Ciaucher a °d half years of age. 

disease. Symptoms of Gaucher disease type 1 include: skcl- Neimann-Pick disease type A and type B are an autosomal 

etal complications such as bone pain, bone lesions, ostcopc- recessive lysosomal storage disorder characterized by a 

nia, osteonecrosis, avascular necrosis and pathological frac- 35 deficiency acid sphingomyelinase. Acid sphingomyelinase 

tures: anemia; hepatosplenomegary: splenic nodules and is an enzyjne responsible for degradation of sphingomyelin, 

liver dysfunction: thrombocytopenia: and/or delayed growth If sphingomyelinase is deficient, sphingomyelin and other 

and pubertal development. Symptoms of Gaucher disease lipids can accumulate in the monocyte-macrophage system, 

type II include the symptoms of Gaucher type I as well as (Schuman, H. H. and Desnick. R. J. Neimann-Pick Disease 

neck rigidity, apathy, catatonia, strabismus, increased deep 40 types A and B: acid sphingomyelinase deficiencies; In: The 

reflex and laryngeal spasm. Symptoms of Gaucher disease Metabolic and Molecular Basis of Inherited Disease (C. R. 

type 3U are similar to Gaucher type U except milderand later Scriver, A. L. Beaudet. W. S. Sly and D. \alle. Eds.), 

in onset. * Seventh edition, pp. 25S9-2599, McGraw-1131 Inc.. New 

A therapeuticaJly effective amount of hmGCB can be Yoric U9° 5 )) 
determined on an individual basis and will be based, at least 45 There are several types of Neimann-Pick disease inctud- 
in pan., on consideration of the size of the patient, the agent ™£ lVDe amJ lv P e B. High mannose acid sphingomyelinase 
used, the type of delivery system used, the time of admin- 030 given to 3 subject having Neimann-Pick disease to 
istration relative to the severity of the disease, and whether 1C - alleviate or reduce at least one symptom, of the 
a single, multiple, or a controlled release dose regimen is disease. Symptoms of Neimann-Pick disease type A include: 
employed. Preferably, the dosage of hroCK'B sufficient to 50 enlargement of the spleen and liver, fymphadenopathy. 
treat Gaucher disease is less than the dosage of human tissue microcytic anemia, decreased platelet count hypotonia, 
derived or human placenta derived GCB,*or GCB produced muscular weakness, psychomotor retardation. Symptoms of 
by cells in vitro and then trimmed to expose core niannose Neimann-Pick type B include: enlargement of the liver 
residues. and/or spleen, heptoslenomegaly; pulmonary compromise. 
_ 55 Thus, high niannose lysosomal storage enzymes such as 
Treatment of Other Lysosomal Storage Diseases high mannose acid ceramidase or high mannose acid spin- 
Generally, the invention described herein can be used to gomyelinase can be produced by the methods described 
produce proteins for targeting any cells that express man- herein in order to target these proteins to mannose receptor- 
nose receptors on their surface. Thus, the invention expressing cells, 
described herein can be used lo treat any disorder in which 60 

it is desirable to target a protein for treatment to a mannose EXAMPLES 
receptor-expressing ceD. For example, the invention 

described herein can also be applied to other lysosomal In experiments with HT-1080 cells in which the gluco- 

storage enzymes and other lysosomal storage diseases in cerebrostdase gene has been activated as described in U.S. 
which cells, eg^ the cells of reticuloendothelial origin, 65 5,641,670 (Gene-Activated 1 *® GCB (GA-GCB)). the cells 

accumulate undigested substrate. Reticuloendothelial cells were treated with either kifunensine or swainsonine at 

include macrophages, Kupffer cells in the liver and histio- concentrations ranging from 0.1 to 2 ug/mL. 
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Effect of Kifonensine or Swainsonine on GA-GCB GJyco- 
forms 

HT-1080 cells producing GA-GCB were plated in dupli- 
caie 6-well plates and the Production Medium adjusted to 
the following eventrations of kifiincnsine or swainsonine: 
0 (do drug), o.l. 0.25, 0.5 r L and 2 ug/mL. The medium was 
harvested and the cells refed every 24 hours for three days. 
The samples from the third day were subjected to isoelectric 
focusing (1EF) analysis. The effect of kiftmensine and 
swainsonine on the molecular charge of GA-GCB is shown 
by the IEF analysis. With both drugs, a concentration 
dependent increase in the apparent isoelectric point (pi) was 
observed, with kiftinensine causing a much larger shift in pi 
than swainsonine at the highest concentration tested (2 
ug/mL). 

Effect or Kimnensine or Swainsonine on GA-GCB Produc- 
tion 

Ten roller bottles (surface area. 1700 cm 2 each) were 
seeded in Growth Medium (DMEM with 10% calf serum) 
with HT-1080 cells producing GA-GCB. Following two 20 
weeks of growth, the medium was aspirated and 200 mL of 
fresh r»n>duciion Medium (DMHM/F12: 0% calf serum) was 
added to three sets of roller bottles, two sets of 4 roller 
bonlcs were treated with 1 ug/mL of cither kifunensine or 
swainsonine. The third group of two roller bottles received 25 
no drug treatment. After approximately 24 hours, the 
medium from each roller bottle was harvested, pooled and a 
sample taken for GA-GCB enzymatic activity analysis. This 
procedure was repealed for seven days. Stable production of 
GA-GCB was observed for all roller bottles throughout the 30 
seven daily harvests (Table 1). Absolute levels of the 
enzyme, however, varied according to drug treatment group 
with the following average GA-GCB production levels 
observed across the seven harvests: 38.3±3-5 mg/L (control, 
no drag treatment), 24.5±4.0 mg/L (swainsonine. 1 ug/mL)* 
and 213-2.8 mg/L (kifonensine, 1 ug/mL). Both drugs, 
therefore, resulted in stable, but lower production levels with 
the largest decrease seen for kifunensine (44% reduction 
relative to control). 
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rophage cell line. The specific objective of the experiment 
was to determine the absolute and mannose receptor-specific 
uptake of GA-GCB in mouse J774E cells. One day prior to 
assay, J774E cells were plated at 50.000 cells/cm 2 in 1 2 well 
plaTcs in Growth Medium. For the assay. 0.5 mL of Produc- 
tion Medium (DMEM/FJ2), 0% calf serum) containing 50 
nM vitamin D3 (1 ,2-5. Dihydroxy vitamin D3) was added to 
the cells. Unpurified GA-GCB (from harvest 4, Table 1 ) was 
added to the test wells at a final concentration of 1 0 ug/mL 
in the presence or absence of 2 ug/mL mannan (a competitor 
for the mannose receptor). Three different forms of GA- 
(K:B were used: GA-GCB from cells treated with kifun- 
ensinc (1 ug/mL), GA-GCB from cells treated with swain- 
sonine (1 ug/mL), and GA-GCB (1 pg/mL) from untreated 
cells. Control wells received no GA-GCB. The wells were 
incubated for 4 hours at 37° C_ then washed extensively in 
buffered saline, scraped into GA-GCB enzyme reaction 
buffer, passed through 2 freeze/thaw cycles, and clarified by 
cenlrifugalion. The supemantant was then quantitatively 
tested for enzyme activity and total protein. Internalization 
of GA-GCB into mouse J744E cells is shown in Table 2 and 
is reported as Units/mg of cell lysate. These results demon- 
strated that uptake of GA-GCB from kifunensine treated 
cells was 14-fold over background and 73% inhibitahle by 
mannan and that uptake of GA-GCB from swainsonine 
treated cells was 7-foid over background and 67% inhib- 
itable by mannan. In addition, they also demonstrate that 
uptake of GA-GCB from untreated cells was approximately 
3-fold over background and 53% inhibhable by mannan. 
Thus, the inhibition of intracellular mannosidases by either 
kifunensine or swainsonine results in GA-GCB that can be 
transported into cells efficiently via the mannose receptor, 
with kifunensine causing an approximately 2-fold greater 
35 uptake than swainsonine. Improvement in targeting of GA- 
GCB to cells via mannose receptors can therefore be opti- 
mized by production of GA-GCB in the presence of kifun- 
ensine or swainsonine. 
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TABLE 2 



TABLE I 



Roller Bonle Proctocikm of Ghicoccrrtuosidase in Oils Treated whfa 
_ Mannosidase Inhibitors 



tntermttzBtion of Gtucccxretvosidasc Imo J774E Cdls. 
Gtucocejcbmsklase Produced from Cells Treated wkb Mannosidase 
Inhibitors 



GrucocOTbroskbsc ** Activity <*» maliteri 



45 



Treatment 



Har- 
vest 
1 



Har- 
vest 



Har- 
vest 



Has- 

VCSl 

4 



Har- 
vest 
5 



Har- 
vest 
6 



Har- 
vest 
7 



Average t 
Standard 
Deviation 



* Trhjcoccrcbrosirl asc 

.Activity 
(Units/mg ce» ivsate) 



* ) SampJe 



Absolute 



Background 
Corrected 



Inhibition 



No drug 
added 
Swain- 
sonine 
(1 pgnml) 
Kifuuen- 
siije 

(1 MS'ml) 



35.8 36.6 44.9 40.5 34.6 38.3 37.2 38.3 - 3.5 50 Background (no GA-GCB added) 

GA-GCB from untreated cells + 
Mannan 

GA-GCB from kifunensine treated 
cells + Mannac 

GA-GCB from swainsonine treated 
55 cells + Mannan 



28.6 17.4 28.5 27.0 22J0 25.0 223 24.5*4.0 
26.0 22i> 17.7 21.2 1*4 21.0 22.0 2J.3 * 2.8 



655 
2816 
1678 
9185 
2977 
4787 
2036 



0 

2161 
1023 
8530 
2322 
4132 
1381 



53 



73 
67 



* Assay performed as follows: test article is mixed with the enzyme sub- 
strate (4^meib>liOTbeilifeT>l-^D-gliicc9>7aiK>sfde) and incubated far I 
hour at 37* C. The reaction is stopped by the addition of NaOH^ryctne 
buflcr. Fluorescence is quantified by the use of a fluorescence spectropho- 
tometer. 

b) Specific activity: 2.500 Untetauj. One unit is defined as the conversion 
of 1 uMole of substrate in I hour at 37* C 

Effect of Kiftinensine or Swainsonine on GA-GCB Uptake 
into Macrophages 

GA-GCB produced in HT-1080 cells was used in an in 
vitro assay to determine uptake efficiency in a mouse mac- 



* Assay performed as follows: sample is mixed with the enzyme subsrrale 
<4-metirytumbettiJcr^^ and incubated for 3 hour at 

37* C. The reaction is stopped by the addition of NaQlJ/Cirycine buffet 
Fluorescence is quantified by the use of a fluorescence spectrophotometer. 
TctaJ protein determined in freearfuW cell Jysates by bicinehoninic sod 
(BCA). Activity reported as muvsfmg total protein. One Umi is defined as 
the conversion of 1 uMole of substrate in 1 hour at 37* C. 
Cefls treated with drug received 1 u&'mL of cither Xilunensme or 
Swainsonine in the presence or absence of mannan (2 ug*nL). 

65 Purification and Characterization of hmGCB 

HmGCB was purified from the culture medium of human 
fibroblasts grown in the presence of kiftinensine at a con- 
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centra lion of 2 ug/ml. The four N-linked glycans present on 
hmGCB were released by peptide N-glycosidase F and 
purified using a Sep-palc CI 8 cartridge. Ohgosaccharides 
eJuting in the 5% acetic acid fraction were permethylaied 
using sodium hydroxide and methyl iodide, dissolved in 
meihanol: water (BOaO), and portions of the pennethylated 
glycan mixture were analyzed by matrix-assisted laser des- 
orption ionization time-of-fijght mass spectroscopy 
(MALD1-TOF-MS). The sample was analyzed on a Voyager 
STR Biospectmmetry Research Station laser-desorption 
mass spectrometer coupled with Delayed Extraction using a 
matrix of 2 r 5-dihydroxybcnzoic acid. A pattern of pseudo- 
molecular ions is seen in the range m/z 1500-2500, indi- 
cating the presence of high-mannose glycans ranging from 
Mai^GlcNAa, to Maa,GIcNAc 2 . 

, TABLE 3 

Sanmajy of Efcaa Obtained from MALDI-TOF-MS Analysis of N-Ct>cans 
from hmGCB Pom Kifanensine- Treated Olb 
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Suinniaiy of Dsla Obtained from MALDI-TOF-MS Analysis of N-Glycuw 
from hmGCB from Kifimensine-Treaitd Cells 



M/7: 



Peak Ass^nmcni 



Approximate % of Total 
Gives ns 



10 



2343 
2365 
2397 
2969 



MaiVGlcNAcj 



BiantenBaiy complex 



5 J .2 



1.0 



15 



M/Z 


Peak Assignment 


GJvcans 


1580 


MaiL>GJcNAc 2 


13 


1730 


Man^GlcNAcj 


IU 


1752 






1784 






193* 


MzsXJk2-iAc 2 




1957 






19S8 






2139 


MaifeGlcKAc 2 


32.0 


21 6 J 






2192 







The most abundant high mannose glycans present are 
Man 9 GlcNAc 3 and Man8GIcNAc-. with decreasing abun- 
dances of Mar^GlcNAc,. " Man 6 GlcNAc 27 and 
Mar^GlcNAcj. A trace amount of a fucosyjated biantennary 
complex glycan containing two sialic acid residues was 
observed. An approximate indication of the relative abun- 
dancy of each glycan is obtained by measuring the peak 
20 heights. See Table 3. A more accurate assessment of the 
average chain length of the high mannose glycans was 
obtained by MALDKTOF-MS analysis of the intact glyco- 
protein. A sharp peak was obtained at m/z 62.483.3 due to 
the Jhomogenehy of the glycan chains. The mass of the 
25 mature peptide calculated from the amino acid sequence is 
55.577.6. indicating the four N-linked glycan chnins cos- 
tribute 6905.5 to the total mass of hmGCB- From mis 
number, it can be calculated that the average glycan length 
is $.15 mannose residues. 

All patents and references cited herein are incorporated in 
their entirety by reference. 

Other embodiments are within following claims. 
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SEQUENCE LISTIBG j! , 

!'- 

<160> NUMBER OP SEQ ID NOS: 2 i ii 

t j 

<210> SEQ ID NO 1 
<211> LENGTH: 8850 

<212> TYPE: DNA j- 
<213> ORGANISM; Homo sapiens ,fe 

<400> SEQUENCE: 1 & 



j ;, 



tetagaaega ct tea ct gag atcatttaea gaacaaaeag gatggctggg gtccagcgca 

gtggctcatg crtgtaatcc cogcactttc ggataccaag gcagcagatc acctgaggtc 120 f? 



60 i 



cagagtttca gaccagcctg gecaacatag tgaaacccca tctctactaa aaataaaaaa 
attagctgag catgttggag ggcacctgta atcccagcta cttgggaggc tgaggcagga 240 
gaatcactcg aacccaggag gtggaggttg cagtgageca agatcacgcc actgcacfccc 



180 



300 



ogectgggea acagogtgag actctgtctc aaaaaacaac eacaacaaaa aatacaaaca 360 \%? 

agagacaagt agttcccagg tgcctaccaa gtggtcaggc actgeactta cctcactgac 420 P;: 

tgeagtaace accctttgag gttgtggcet tgcctccatt ttccaggcaa ggaaatgggc 480 Lv 

tgagagctgg gattagtcag gtcatgaetg tgtgtgccae tcccgctaaa tctcatttga 540 £j- 

tgtggttcat gaggccacac catggacagc ttcctccttg tgtccactga ggatatgget 600 K : 

ttgtacaaca ctttggtttt ttgaacgact ttacaaacct ccctgtettg tgaggaagga 660 J 

agaacagtta trtaccatctg catctgatga tgaaacaagg gaegctgeag aggagecgea 720 ;!/ 

*- -i • 
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ctgaccaetc cctccetcca gtcctgtcat cccactgcca gtgtcccacc ctcttgtgcc 780 
ctgcacttca ctggctaata acccccctca ctttttcctc tgtgaagcca tcctggotaa 840 
ttccccaccc acgaatggtc cctcctcatc tcagagagct ctccatgcac acctgttacc 900 
gtttctgtct ttatctgtaa atatctgtgt gtctgacttc catgcctcac acacctctat 960 
agggcaaaga ctgtcttaaa catcttggtia gtgtcagtat tttgcacegt gaagtttttt 1020 
tttttaaatt atatcagtrtt tatttgtacc tttttgacot ttctatcaaa aaagaagtgt 1080 
gcctgctgtg gttcccatcc tctgggattt aggagcctct accccattct ccatgcaaat 1140 
ctgtgttcta ggctcttcct aaagttgtca cccatacatg ccctccagag ttttataggg 1200 
catataatcg taacagatga gaggaagcca' attgccctt* agaaatatgg ctgtgattgc 1260 
ctcacttcct gtgtcatgtg acgetcctag tcatcacatg acccatccac atcgggaagc J 320 
cggaattact tgcagggcta acctagtgcc tatagctaag gcaggtacct gcatccttgt 1380 
ttttgtttag tggatcctct atccttcaga gactctggaa cccctgtggt cttctcttca 1440 
tctaatgacc ctgaggggat ggagttttca agtccrttcca gagaggtaag agagagagct 1500 
cccaatcagc attgtcacag tgcttetgga atectggcac tggaatttaa tgaatgacag 1560 
actctetttg aatccagggc catcatagct ettt«*«ca- ggc— g^tg gcgggaggyy 1620 
tcgaagttga aatgggtggg aagagtggtg gggagcatcc tgatttgggg tgggcagaga 1680 
gttgtcatca gaagggttgc agggagagct. gcacccaggt ttctgtgggc ettgtcctaa 1740 
tgaatgtggg agaccgggcc atgggcaccc aaaggcagct aagccctgcc caggagagta 1800 
gttgaggggt ggagaggggc imgcrttttca gtcattcctc attctgtcct coggaatgtc 1860 
ccaagccttt gagtagggta agcatcatgg ctggcagcct cacaggattg cttctacttc 1920 
aggcagtgtc gtgggcatca ggtgagtgag tcaaggcagt ggggaggtag cacagagcct 1980 

cccttctgcc tcatagtcct ttggtagcct tccagtaagc tggtggtaga cttttagtag 2040 

gtgctcaata aatccttttg agtgactgag accaaotttg gggtgaggat tttgtttttt 2100 

ttcttttgaa acagagtctt actctgttgc ctgggctgga gtgcagtggt gcaattttgg 2160 

ctcattccaa cctctgcetc ccaga-ttcaa gcgattctct t get tea get tcccaggtag 2220 

ctgggattac aggcggccac cactacgccc agctaatttt tgtattttta gtagagacgg 2280 

ggtttcecca tgctggcaag gcaggtctca aacrtcctcac ctcaggtgat ccgcccacct 2340 

cggcctccta aagtgcfcogg attacaggtg tgagcccctg cgcccggcca aggggtgagg 2400 

aattttgaaa ccgtgttcag tctctcctag cagatgtgtc cattctccat gtcttcatca 2460 

gacctcactc tgcttgtaet ccctccctcc caggtgcccg cccctgcatc cctaaaagct 2520 

tcggctacag ctcggtggtg tgtgtctgca atgccacata ctgtgactcc tttgaccccc 2580 

cgacctttcc tgcccttggt accttcagcc gctotgagag tacacgcagt gggcgacgga 2640 

tggagctgag tatggggccc atccaggcta atcacacggg cacaggtaac cattacaccc 2700 

cteaccccct gggccaggcrt gggi-cctcct agaggtaaat ggtgtcagtg atcacoatgg 2760 

agtttcccgc tgggtactga tacccttett cctrtgt^ggat gtcctcaggc ctgctactga 2820 

ccctgcagcc agaacagaag ttccagaaag tgaagggatt tggaggggcc atgacagatg 2880 

ctgctgctct caacatcctt gccctgtcac cccctgccca aaatttgcta cttaaatcgt 2940 

acttctctga agaaggtgag gaggaagggg acaagatgac atagagccat tgaaaetttt 3000 - 

cgtttttctt ttcttttttt aaaatttttt tgaggcagaa tctcoctctg cccattctgt 3060 
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cggcgagaca ggagtgcagt ggtgtgatct cccctcacag eaacctcrtgc ctcccaggct 3120 
atagtgattc tcctgcctca gcctcctgag tagctggaat tataggcgtg cgccactacc 31BO 
acctggctaa tttttgtatt tttagtagag acagggtttc atcatgttga ccaggctagt 3240 
cttaaactcc tgacctcaaa tgatatacct gccttggcct cccgaagtgc tggaattaca 3300 
agtgtgagcc accgagccca gcagacactt ttcttttttc tttttttttt tttgagacag 3360 
agtctcgcac tgtcacccag gctggagtgc agtggcacaa tctcagetca ctgcaacctc 3420 
cacctcccgg gttcaggtga ttctcctgtc tcagcctctc gagtacctgg gattacaggt 3480 

gcctgccacc acgcccggct aattttttgt atttttagta gagacagggt ttcactatgt 3540 
tggccaggat gattgcgaac tcctgacctc gtgatctgcc cacatcggcc tcccaaagtg 3600 

ctgggattac atgcgtgagc cactgacact tttctttgcc ctttctttgg accctgactt 3660 

ctgcccetcc ctgacatttg gttcctgttt taatgccctg tgaaataaga tttcgccgcc 3720 

tatcatctgc taactgctac ggactcaggc tcagaaaggc ctgcgettca cccaggtgcc 3780 

agcctccaca ggttccaacc caggagccca agttcccttt ggccctgact cagacactat 3840 

taggactggc aagtgataag cagagtccca -tactctccta ttgactcgga eta cc at ate 3900 

ttgatcatcc ttttctgtag gaateggata taacatcatc cgggtaccca tggccagctg 3960 

tgacttctcc atccgcacct acacetatgc agacacccct gatgatttcc agttgcacaa 4020 

cttcagcctc ccagaggaag ataccaagct caaggtaggc attctagctt tttcaggccc 4080 

tgagggcect gatgtctggg ggttgagaaa ctgtagggta ggtctgcttg tacagacatt 4140 

ttgtcccctg ctgttttgtc etgggggtgg gagggtggag gctaatggct gaaccggatg 4200 

coctggttgg gctagtatgt gttccaactc tgggtgcttc tctcttcact acctttgtct 4260 

ctagataccc ctgattcacc gagccctgca gttggcccag cgtcccgttt cactccttgc 4320 

cagcccctgg acatcaccca cttggctcaa gaccaatgga gcggtgaatg ggaaggggtc 4 380 

actcaaggga cagcccggag acatctacca cca gacctgg gecagatact ttgtgaagta 4440 

agggatcagc aaggatgtgg gatcaggact ggcertcccat ttagccatgc tgatctgtgt 4500 

cccaaccctc aacetagttc cacttccaga tctgcctgtc ctcagctcac ctttctacct 4560 

tetgggcett teagecttgg gcctgtcaat cttgcccact ccatcaggct tectgtrtctc 4620 

teggtctgge ccactttctt tttatttttc ttcttttttt -tttttttgag aaggagtctc 4680 

tctctctgtc acccaggctg gogtgctgtg gcgccotctt cactcactgt aacctctgcc 4740 

tcctgagttc aogcoattct cctgcctcag ccttecaagt agctgggatt ataggegect 4800 

gccaccaggc ccagctgatt tttctatttt tagtagagac ggggtttcgc caggctgttc 4860 

tcgaactcct gaactcaagt gatccacctg cctcggcttc ecaaagtget gggattacag 4920 

gtgtgagcca ccacacccag ctggtctggt ccactttctt ggceggatea ttcatgacct 4980 

ttctcttgcc aggttcctgg atgcctatgc tgagcacaag ttacagttct gggcagtgac 5040 

agctgaaaat gagecttctg ctgggctgtt gagtggatac cccttccagt gectgggett 5100 

cacccctgaa catcagegag acttcattgc ccgtgaccta ggtcctaccc tcgccaacag 5160 

tactcaccac aatgtccgcc tactcatget ggatgaccaa cgcttgctge tgccccactg 5220 

ggcaaaggtg gtaaggcctg gecctccatg gtgctccagt gaccttcaaa tccagcatcc 5280 

aaatgactgg ctcccaaact tagagegatt tctctaccca actetggatt cctagagcac 5340 

cattcccctg gacctccagg gtgccatgga tcccacagtt gtcgcttgaa acctttctag 5400 

gggctgggcg aggtggctca etcatgeaaa cccagcactt -tgggaagccg aggcgggtga 5460 
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tcacctgagg tcaggagttt aagaccaccc tggccaacgt girtgaaaccc tgtgtctact 5520 

aaaatacaaa aaaaaaaaat tatctgggca tgatggtggg tgtetgtaat cccagctact 5580 

caggaggctg agaagggaga atcagttgaa cccgggagat ggtggttgcg gtgagccgag 5640 

atcgcgccac tgcactccag cctgggaggc tgagcgagac tccatctcga aacaaaacaa 5700 

aacaaaacta tctoggctgg gggtggtggt tcatgtatgt atgtgtatat acatatatat 5760 

gtgtttatat gtatatatat atacacacac acacatacet acacacacat ecacacacaa 5820 

attagetggg tgtggcaccc gtgtagtccc agctactceg gaggctaatg tgggaggatc 5880 

agttgaccct aggaagtcaa ggctgcagtg agtcgtgatt gcgccactgt actccagccc 5940 

gagtgacaga gtgacatcct gtctcaaaaa caaaaaaaaa -tcrtccccaaa cctctctagt €000 

tgcattcttc ccgtcaccca actccaggat tcctacaaca ggaactagaa gttccagaag 6060 

cctgtgtgca aggtccagga tcagttgctc ttcctttgca ggtactgaca gacccagaag 6120 

cagctaaata tgttcatggc attgctgtac attggtacct ggatrtttctg gctccagcca 6180 

aagccaccct aggggagaca caccgcctgt tccccaacac cattgctcttt gcctcagagg 6240 

cctgtgtggg ctccaagttc tgggagcaga gtgtgcggct aggctcctgg gatcgaggga 6300 

tgcagtacag ccacagcate atcocggtea qccaccccag tcteccttce tgcaaagcag 53CC 

acctcagacc tettactagt ttcaccaaag actgacagaa gcccttcctg tccagctrttc 6420 

cccagctagc ctgccctttt gagcaartct ggggaaccat gattccetat cttccctttc 6480 

cttcacaggt ctgcacacct cattgcccet tttgcaacta ctgaggcact tgcagctgcc 6540 

tcagacttct cagctcccct tgagatgcct ggatcttcac acccccaact ccttagctac 6600 

taaggaatgt gcccctcaca gggctgacet acccacaget gcctctccca catgtgoccc 6660 

trtacctacac tctctgggga cccccagtgl: tgagcyctttg tctctttgcc tttgtccrtta 6720 

ccctagaacc tcctgtacca tgtggtcggc tggaccgact ggaaccttgc cctgaacccc 6780 

gaaggaggac ccaattgggt gcgtaacttt gtcgacagtc ccatcattgt agacatcacc 6840 

aaggacacgt tttacaaaca gcccatgttc taccacctrtg gccact-tcag gtgagtggag 6900 

ggcgggcacc cccattccat accaggccta -teatctccta catcggatgg cttacatcac 6960 

t eta caeca c gagggagcag gaaggtgttc agggtggaac cteggaagag gcacacccat 7020 

ccccttttgc accatggagg caggaagtga ctaggtagca acagaaaacc ccaatgcctg 7080 

aggctggact gegatgeaga aaagcagggt cagtgcccag cagcatggct ccaggcctag 7140 

agagecaggg cagagcctct gcaggagtta tgggg^gggt ^cgtgggtgg gtgacttctt 7200 

agatgagggt ttcatgggag gtaccccgag ggactctgac catctgttcc cocattcagc 7260 

aagttcattc ctgagggctc ccagagagtg gggctggttg ccagtcagaa gaacgacctg 7320 

gacgcagtgg cactgatgea tcccgatggc tctgcrtgttg tggtcgtgct aaaccggtga 7380 

gggcaatggt gaggtctggg aagtgggctg aagacagcgt tgggggcett ggcaggatca 7440 

cactctcagc ttctcctccc tgctccctag ctcctctaag gatgtgcctc ttaccatcaa 7500 

ggatcctget gtgggcttcc tggagacaat <rtcacctggc tactccattc acacctacct 7560 

gtggcgtcgc cag*g<rtgga gcagatactc aaggaggcac -tgggertcagc ctgggcatta 7620 

aagggacaga gtcagctcac acgctgtctg tgactaaaga gggcacagca gggccagtgt 7680 

gagcttacag egaegtaage ccaggggcaa tggtttgggt gacteacttt cccctctagg 7740 

tggtgccagg ggctggaggc cccrtagaaaa agatcagtaa gccccagtgt ccccccagcc 7800 
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cccatgctta tgtgaacatg cgctgtgtgc tgcttgcttt ggaaactggg cctgggtcca 7860 

ggcctogggt gagetcactg tccgtacaaa cecoagatca gggctgaggg taaggaaaag 7920 

aagagactag gaaagctggg cccaaaacrtg gag act gttt gtctttcctg gagatgcaga 7980 

actgggcccg tggagcagca gtgtcagcat cagggcggaa gecttaaagc agcagcgggt 8040 

gtgcccaggc acccagatga ttectatggc accagccagg aoaaatggca gctcttaaag 8100. 

gagaaaatgt ttgagcccag tcagtgtgag tggctttatt ctgggtggea gcaccccgtg 8160 

tccggctgta ccaacaacga ggaggcacgg gggcctctgg aatgcatgag agtagaoaaa 8220 

ccagtctrgg gagcgtgagg acaaatcatt octet tcatc ctctrtcagcc atgcccaggg 8280 

tccgggrtgcc tggggcccga gcaggcgttg cccgctggat ggagacaatg ccgctgagca 834 0 

aggcgtegcc caccatggct gccagtcctg ccagcacaga taggatctgg ttccggcgce 8400 

ggtatggctc ctcctcagtc tctgggcctg ctggtgtctg gcgttgcggt ggtacctcag 8460 

ctgagggtca aggaaggaag gtgtgttagg agaactagtt cttggatccc tgcccactct 8520 

ccccagggct gcccctccca tctgccectt acctccatcc eaggggaagt agagactgag 8580 

aatgtgggta caataggcac agaggfrtgtg cagcccacgc aggtggacct gcagcrttccc 8640 

actgggcagc tttgcctgca gcagcagggc caagtagctg aagacgaagg cgtccaaggo 8700 

ggcagggctg gagcagageg agaagggtgg gatggaggag eaccactggg gtagaagggg 8760 

taaagatgga gctggaggaa gagtcagctrt tgggaggtgg gctctgggca gcaggcggcc 8820 

accaggaagg acaggacaca cagttctaga 8950 



K1- 



<210> SEQ ID BO 2 

<2U> LENGTH r 536 

<212> TYPE r PRT 

<213> ORGANISM: Homo sapiens 

<400> SEQUENCES 2 



Met Glu Phe Ser Ser Pro Ser Arg Glu Glu Cys Pro Lys Pro Leu Ser 
15 io is 

Arg Vol Ser lie Met Ala Gly Ser Leu Thr Gly Leu Leu Leu Leu Gin 
20 25 30 

Ala Val Ser Trp Ala Ser Gly Ala Arg Pro Cys lie Pro Lys Ser Phe 
35 40 45 

Gly Tyr Ser Ser Val Val Cys Val Cys Asn Ala Tbr Tyr Cys Asp Ser 
. 50 55 60 

Phe Asp Pro Pro Thr Phe Pro Ala Leu Gly Thr Phe Ser Arg Tyr Glu 
« 70 75 80 

Ser Thr Arg Ser Gly Arg Arg Met Glu Leu Ser Met: Gly Pro He Gin 
85 90 95 

Ala Asn His Thr Gly Thr Gly Leu Leu Leu Thr Leu Gin Pro Glu Gin 
100 105 no 

Lys Phe Gin Lys Val Lys Gly Phe Gly Gly Ala Met Thr Asp Ala Ala 
115 120 125 

Ala Leu Asn He Leu Ala Leu Ser Pro Pro Ala Gin Asn Leu Leu Leu 
130 135 140 

Lys Ser Tyr Phe Ser Glu Glu Gly lie Gly Tyr Asn He He Arg Val 
14S ISO 1S5 j 60 

Pro Met Ala Ser Cys Asp Phe Ser He Arg Thr Tyr Thr Tyr Ala Asp 
165 170 175 

Thr Pro Asp Asp Phe Gin Leu His Asn Phe Ser Leu Pro Glu Glu Asp 
180 185 190 



t * 

r 



6 



1KX 



rv 



1.1. 
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-continued 



Thr Lys Leu Lys lie Pro Leu lie His Arg Ala Leu Gin Leu Ala Gin 
195 200 205 

Arg Pre Val Ser Leu Leu Ala Ser Pro Trp Thr Ser Pro Thr Trp Leu 
210 215 220 

Lys Thr Asn Gly Ala Val Asn Gly Lys Gly Ser Leu Lys Gly Gin Pro 
225 230 235 240 

Gly Asp lie Tyr His Gin Thr Trp Ala Arg Tyr Phe Val Lys Phe Leu 
245 250 255 

Asp Ala Tyr Ala Glu His Lys Leu Gin Phe Trp Ala Val Thr Ala Glu ' 
260 265 2 70 

Asn Glu Pro Ser Ala Gly Leu Leu Ser Gly Tyr Pro Phe Gin Cys Leu 
275 280 285 

Gly Phe Thr Pro Glu His Gin Arg Asp Phe lie Ala Arg Asp Leu Gly 
290 295 300 

Pro Thr Leu Ala Asn Ser Thr His His Asn Val Arg Leu Leu Met Leu 
305 310 315 320 

Asp Asp Gin Arg Leu Leu Leu Pro His Trp Ala Lys Val Val Leu Thr 
325 t 330 335 

Asp Pro Glu Ala Ala Lys Tyr Val His Gly lie, Ala Val His Trp Tyr 

340 545 350 

Leu Asp Phe Leu Ala Pro Ala Lys Ala Thr Leu Gly Glu Thr His Arg 
355 360 365 

Leu Phe Pro Asn Thr Met Leu Phe Ala Ser Glu Ala Cys Val Gly Ser 
370 375 380 

Lys Phe Trp Glu Gin Ser Val Arg Leu Gly Ser Trp Asp Arg Gly Met 
385 390 39S 400 

Gin Tyr Ser His Ser lie He Thr Asn Leu Leu Tyr His Val Val Gly 
405 410 415 

Trp Thr Asp Trp Asn Leu Ala Leu Asn Pro Glu Gly Gly Pro Asn Trp 
420 425 430 

Val Arg Asn Phe Val Asp Ser Pro lie He Val Asp He Thr Lys Asp 
43S 440 445 

Thr Phe Tyr Lys Gin Pro Met Phe Tyr His Leu Gly His Phe Ser Lys 
450 4SS 460 

Phe He Pro Glu Gly Ser Gin Arg Val Gly Leu Val Ala Ser Gin Lys 
465 «70 475 480 

Asn Asp Leu Asp Ala Val Ala Leu Met His Pro Asp Gly Ser Ala Val 
485 490 495 

Val Val Val Leu Asn Arg Ser Ser Lys Asp Val Pro Leu Thr He Lys 
500 505 510 

Asp Pro Ala Val Gly Phe Leu Glu Thr He Ser Pro Gly Tyr Ser He 
SIS 520 525 

His Thr Tyr Leu Trp Arg Arg Gin 
530 535 



What is claimed: harvesting the limGCB fium the cell or its culture media, 

I- A method of producing a preparation of high mannose 60 to thereby produce an hmGCD preparation, 
glucocerebrosidase (hmGCB) comprising a carbohydrate 2. The method of claim 1, wherein removal of one or more 

chain having at least four mannose residues, comprising: a 1.2 mannose residues) distal to the pentasaccharide core 

providing a mammalian cell that expresses a human * P re ^f nle<L 
glucocerebrosidase (GCBh method of claim 1, wherein the kifancnsinc is 

r _- . n - v i r - 65 present at a concentration between about 0.05 to 20.0 uc/ml. 

contacting the cell with kifunensme~ a -rk~ . . . - * , - , . . r . . 

c 4. The method of claim 3. wherein the kifunensine is 

allowing the cell to produce hmGCB; and present at a concentration between about 0.1 to 2.0 ug/ml. 
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5. The method of claim 1, further comprising contacting 30. The method of claim 1. wherein Ihe cell is contacted 
ihe cell with a class 2 processing mannosidase inhibitor. with kifunensine in culture media. 

6. The method of claim 5 r wherein ihe class 2 processing 31. The melhod of claim 30. wherein ihe hmGCB is 
mannosidase inhibitor is selected from the group consisting obtained from the media in which ihe cell is cultured 

of: swamsoninc, mannostaiin, 6-deoxy DIM. 6-deoxy-o- 5 32. A method of prodocing a preparation of hi eh mannosc 

rhJoro-DIM and combinations thereof. glucocerebrosidase (hmGCB) comprising a carbohydrate 

7. The melhod of claim 5 ? wherein the class 2 processing chain having at least four mannose residues, the melhod 
mannosidase inhibitor is swainsonine. comprising: 

*. The method of claim 5, wherein the class 2 processing providing a human cell into which a nucleic acid sequence 

njannosidase inhibitor is present at a concentration between 10 comprising an exogenous regulatory sequence has been 

* £1 ^ r; , - , " . , introduced such that the regulatory sequence is oper- 
9. The meihod of claim 1 . wherein the hmGCB has at least ably linked to. and regulates the expression of an 

one carbohydrate chain having five mannose residues. endogenous GCB coding region- 

I©. The method of claim 1 f wherein the hmGCB has at contacting Ihe cell with a class ) mannosidase inhibitor 
least one carbohydraie chain having eight mannose residues. 15 such that the removal of at least one mannose residue 

11. The method of claim l e wherein the hmGCB has at distal to the pentasaccharide core of a precursor oli- 
least one carbohydrate chain having nine mannose residues. gosaccharide of GCB is prevented: and 

12. ThemeuV>dofclaim.l ? wheremtheiemovaJofoneor allowing the cell to produce hmGCB. to thereby produce 
more mannose residues distal to the pentasaccharide core is an hmGCB preparation 

prevented on at least two carbohydrate chains of hmGCB. 20 33. The method of claim 32. wherein ^mannosidase 
u ^V? e l m i elhod of claim h herein at least 60% of the inhibitor prevents the removal of one or more a 1.2 mannose 
hmGCB of the preparation have one or more carbohydrate residues) distal to the pentasaccharide core 
chains in which the removal of one or more mannose 34. 1 ne melhod of claim 32. wherein the mannosidase 
residues distal to the pentasaccharide core has been pre- inhibitor further prevents the removal of one a 13 mannose 
vei " 25 residue distal to the pentasaccharide core. 

14. Hie melhod of claim 13. wherein the removal of three 35. The method of claim 32. wherein the mannosidase 
or more mannose residues distal to the pentasaccharide core inhibitor further prevents the removal of one a 1 .6 mannose 
has been prevented. residue distal to the pentasaccharide core 

. X5 ' T!?!L mel I K>d of cJa,m herein * ^ about 20% of 36. The method of claim 32. wherein the class I process- 
us nmGCB of the preparation have one or more carbohy- 30 ing mannosidase inhibitor is kifunensine 
drate chains having at least eight mannose residues. 37. The method of claim 36. wherein the kifumsmne is 

r Z u , f 1 WherciB 31 IeaSt aboUt 4096 P 1 ^ 111 31 a concentration between aboul 0.05 to 20.0 ug/ml 
of the runCr(,B of the preparation have one or more carbo- 38. The method of claim 37. wherein the kifunensine is 
nyaratechains having at least eight mannose residues. present at a concentration between about 0.1 to 2.0 ug/ml 

,,f il^o^ u U - Wl f rdB 31 ***** ab0Ut «°* » method of claim 32. wherein the cell is father 

of the hmGCB of the preparation have one or more carbo- contacted with a class 2 mannosidase inhibitor 

^ 'T 1 i& tmanaose 40. The method of claim 39, wherein the class 2 process- 

18. ^method of claim l r wherem at least about 80% or ing mannosidase inhibitor is selected from the group con- 

of: swain^nine, mannostatin. 6nieoxy DIM, 
^""^o^""^ 40 6^eoxy-6-fluoro-DIM and combinations thereof. 

19. The method of claim I. wherein the cell is a human 41. The method of claim 39. wherein the class 2 process- 
L^l** knockoutfora class 2 processing mannosidase. mg inannosidase inhibitor is swainsonine. 

20. The method of clann 1, wherein the cell is a human 42. The method of claim 39, wherein the class 2 process- 

^Jl^T** 3 pi0CeSSing maflnosidase «*- 45 mannosidase inhibitor is present at a concentration 

sense molecule. ^ ^ between 0.05 to 20.0 ug/ml. 

21 . The method ofcbnn 1, wherem the cell comprises an 43. The method of claim 32. wherein the cell is a 
exogenous nucleic acid sequence comprising a GCB coding knockout for a class 2 processing mannosidase. 

re ^? l T , , f 1 ' i * i_ „^ 44. The method of cbim 32, wherein the cell comprises 

22. The method of claim 21, wherem the cell further ^ a class 2 processing mannosidase antisensc molccula 
compmes an exogenous regubtory sequent which func- 45. The method of claim 3Z wherein the hmGCB has at 

£ ^^TJTTV^ g ^ least or^ hydrate chain havmg ^ mannose residues of 

23. The melhod of claim 1. wherem the cell comprises an the precursor oligosaccharide 

^ Uen< ^^ i ^ mCti0nS to " The method of claim 32, wherein the hmGCB has at 

£^ nt^ » I-st one carbohydrate chain having eight mannose residues 

^24. The method of claim l r wherein the cell is a primary of the precursor oligosaccharide. 

•>< tv~ ^u^a ^ 1 - , u • ». . 47 * Ine method ° r claim wherein the hmGCB has at 

25. The method of claim 1 : wherem the cell is a secondary leas, one carbonate chain having nine mannose residues 

. A , , . of the precursor oligosaccharide. 

cd j melh0d ° fc,a,m 3 wherein 0lecenisa * _ 48. The method of claim 32 r wherein the mannosidase 

* inhibitor prevents removal of at least three mannose residues 
27^ The method of claim 26, wherein the cell is a distal to the pentasaccharide core of the precursor oligosac- 

fibroblast or a myoblast, charide of CfCB. 

• ^ T rLd 1Cl » >d ° f Claim WhCrCin **** * ™ 49 ' ^ ro ^ hod of cla "» 32, wherein the mannosidase- 

jm ^^Z^ CC J r 65 inhibitor prevents removal of one or more mannose residues 

itt\'J^ ° f da,m ^ w herein the ceD is an distal to the pentasaccharide core on at least two of the 

HT-1080 ceil. carbohydrate chains of hmGCB. 
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50. The method of claim 32. wherein at least 60% of the 
hmGCB of the preparation have one or more carbohydrate 
chains in which the removal of three or more mannose 
residues distal to the pentasaccharide core has been pre- 
vented. 

51 . The method of claim 32, wherein at least 20% of the 
hmGCB of ihe preparation have one or more carbohydrate 
chains having at least eight mannose residues. 

52. The method of claim 51. wherein at least 40% of the 
hmGCB of the preparation have one or more carbohydrate 
chains having at least eight mannose residues. 

53. The method of claim 52. wherein at least 60% of the 
hmGCB of the preparation have one or more carbohydrate 
chains having at least eight mannose residues. 

54. The method of claim 32, wherein at least about 80% 
or more of the carbohydrate chains of the hmGCB prepa- 
ration have six or more mannose residues. 

55. The method of claim 32. wherein the cell is a primary 
cell 

56. The method of claim 32. wherein the cell is a 
secondary cell. 
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57. The method of claim 32, wherein the cell is a 
fibroblast or a myoblast. 

58. The method of claim 32. wherein the ceil is an 
immortalized ceJL 

59. The method of claim 58. wherein the cdl is an 
HT-1 080 cell. 

60. The method of claim 36. wherein the cell is contacted 
with krfunensine in culture media. 

61. The method of claim 60, wherein the hmGCB is 
obtained from the media in which the cell is cultured. 

62. The method of claim 1, wherein the cell is a Chinese 
hamster ovary (CHO) cell transfected with an exogenous 
nucleic acid sequence comprising a human GCB coding 
sequence. 

63. The method of claim 1, wherein the cell is a COS cell 
transfected with an exogenous nucleic acid sequence com- 
prising a human GCB coding sequence. 
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Characterization of gene-activated human acid-P-glucosidase: Crystal structure, slvcan 
composition, and internalization into macrophage^ ^ &JCsm 
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Gaucher disease, the most common lysosomal storage dis- 
ease, can be treated with enzyme replacement therapy 
(ERT), in which defective add-p-gracosidase (GlcCerase) 
is supplemented by a recombinant, active enzyme. Hie 
X-ray structures of recombinant GlcCerase produced in 
Chinese hamster ovary cells (iinigjucerase, Cerezyme®) and 
u* tnuisgenic carrot cells (prGCD) have been previously 
solved. We now describe the structure and characteristics 
of a novel form of GlcCerase under investigation for the 
toe^taent of Gaucher disease, Gene-Activated™ human 
GlcCerase (velaglucerase aha). In contrast to imiglucerase 
and prGCD, velaglucerase alfa contains the native human 
enzyme sequence. All three GlcCerases consist of three 
domains, with the active site located in domain UL The 
distances between the carboxylic oxygens of the catalytic 
residues, E340 and E235, are consistent with distances pro- 
posed for acid-base hydrolysis. Kinetic parameters (J^ and 
•W) of velaghicerase alfa and imigfticerase, as wefl as their 
specific activities, are similar. However, analysis of glycosy- 
late patterns shows that velagjlucerase aha displays dis- 
tinctly different structures from imiglucerase and prGCD. 
The predominant glycan on velaglncerase alfa is a high- 
mannose type, with nine mannose units, while imiglucerase 
contains a chitobiose tri-mannosyl core glycan with fuco- 
fylation. These differences in glycosylate affect cellular 
internalization; die rate of velaglucerase alfa internaliza- 
faon into human macrophages is at least 2-fold greater than 
. that of imiglucerase. 

Keywords: Gaucher disease/gene activation/ 

glucocerebn>sidase/glycans/mannose-^phosphate receptor/ 
site-specific glycosylation/X-ray structure 

Introduction 

Gaucher disease is caused by mutations in the gene encod- 
ing the lysosomal enzyme, acid-0-glucosidase (ghicocerebrosi- 
dase, GlcCerase, EC 3.2.1.45) (Beutler and Grabowski 2001* 



Futerman and Zimran 2006). The most common treatment for 
Gaucher disease is enzyme replacement therapy (ERT), in which 
defective GlcCerase is supplemented with an active enzyme. 
ERT using imiglucerase, a recombinant analog of human Glc- 
Cerase expressed in Chinese hamster ovary (CHO) cells has 
been available for -15 years. After expression and purifica- 
tion, imiglucerase is modified by exo-glycosidase treatment 
(Friedman and Hayes 1996) to expose the core mannose 
residues that can be recognized by macrophages. Glycan re- 
modeling greatly improves targeting to and internalization by 
macrophages, the main cell type affected in Gaucher disease 
(Futerman and Zimran 2006). An alternative means of pro- 
ducing GlcCerase (prGCD) in transgenic carrot root cells has 
been developed (Aviezer et al. 2009). The X-ray structures of 
imiglucerase and prGCD have been previously reported (Dvir 
etal 2003; Shaalriel et al. 2007). 

In the current study, we have used gene activation in 
a wen-characterized, continuous human cell line to pro- 
duce gene-activated human acid-p-glucocerebrosidase (ve- 
laglucerase alfa). Gene activation refers to targeted recombi- 
nation with a promote- that activates the endogenous GlcCerase 
gene in the selected human cell One. Velaglucerase alfa is se- 
creted as a monomelic glycoprotein of approximately 63 kDa 
and is composed of 497 amino acids with a sequence identical 
to that of the natural human protein (Zimran et aL 2007). Glyco- 
sylarion of velaglucerase alfa is altered by using kifunensine, a 
mannosidase I inhibitor, during cell culture, which results in the 
secretion of a protein containing predominantly rrigh-mannose 
type glycans (Elbein et al. 1990). 

Herein we describe the crystal structure of velaglucerase alfa, 
using a preparation that had been partially degiycosylated, and 
show that it is similar to that of imiglucerase (Dvir et al. 2003) 
and prGCD (Shaaltiel et al. 2007). Velaglucerase alfa differs 
from imiglucerase and prGCD as the latter two enzymes contain 
a mutation at residue 495 (an Arg to His substitution: R495H) 
and prGCD contains seven additional residues at the C terminus 
^IXVDTM) and two additional residues at the N terminus 
(EF). Moreover, the kinetic parameters and specific activity of 
velaglucerase alfa are very similar to those of imiglucerase. We 
also compare the gjycosylation patterns of velaglucerase alfa 
and imiglucerase by use of LC-MS and assess the impact of the 
different glycosylation patterns by analyzing internalization in 
human macrophages. 
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Results and discussion 
X-ray structure 

Kffraction-quality crystals of velaglucerase alfa were obtained 
after partial degrycosylation using TV-glycosidase F, by a proce- 
dure similar to that previously described for imiglucerase (Dvir 
et al. 2003). Velaglucerase alfa crystallized in the same space 
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Characterization of gene-activated human add^hicosidase 



Table L Data collection and refinement statistics 



Velaglucerase alfe 



Data collection 




Space group 


C222i 


Cell dimensions 


• 

*6,c(A> 


10937, 285.55, 91.69 


abgC) 


90.00,90.00.90.00 


Resolution (A) 


19.9-2.7 (2.75-2.70) 4 




15.7(51.0) 


J7s</> 


14.4(4.6) 


Completeness (%) 


100(100) 


Redundancy 




Refinement 


Resolution (A) 


19.9-Z7 


Number of reflections 


39.776 




173/23.4 


Rms deviations 




Bond lengths (A) 


0.012 


. Bond angles (°) 


1.486 


Number of refined atoms 




Protein 


7871 


Carbohydrates 


70 


Ions 


90 


Solvent 


326 


Ramachandran outliers (%) 


0.4 



"The highest resolution shell is shown in parentheses. 

group, C222i , as imigluccrase (Table I), and unit cell parameters 
were similar to the previously published GlcCerase structures 
(Dvir et al. 2003; Premkumar et aL 2005; Brumshtein et 
al. 2006). The asymmetric unit contained two copies of ve- 
laglucerase alfa, designated as molecules A and B. Hie root 
mean square deviation (RMSD) value between molecules A and 



B (<0.3 A) shows that they are virtually identical. A compari- 
son of the structures of imiglucerase, prGCD, and velaglucerase 
aifa demonstrates that these structures are very similar; with an 
RMSD of 035-0.46 A (Table II). 

Velaglucerase aifa thus consists of three noncontiguous do- 
mains, with the catalytic site located in domain HI (residues 76- 
381 and 416-430), which is a (p/ctfc (TIM) barrel (Figure 1). 
A more detailed analysis of the active site reveals that it is 
virtually identical to that of imiglucerase (Figure 2), with the dis- 
tances between the carboxylic oxygens of the catalytic residues, 
E340 and E235 (5.2 A in molecule A and 5. 1 A in molecule B), 
similar to those obtained previously (Brumshtein et al. 2006) 
and in agreement with the distances proposed for acid-base hy- 
drolysis (Davies and Henrissat 1995). Moreover, the three loops 
(loop 1, residues 345-350; loop 2, residues 393-399; and loop 
3, residues 312-319) observed in previous structures (reviewed 
in Kacher et aL (2008)) are also seen in velaglucerase alfa. 
Similarly to prGCD (Shaaltiel et ai,2007), loops 2 and 3 show 
differences in their backbone angles and side chain orientations 
in the two molecules of the asymmetric unit, whereas loop 1, 
since it makes crystal contacts, exhibits less pronounced con- 
formational changes (Figure 2). In the case of loop 3, a helical 
conformation is seen in molecule B, whereas a coiled confor- 
mation is seen in molecule A (Figure 3), as previously reported 
for imiglucerase (Bnimshtein et a!. 2006). Although the crystal 
was cryo-protected with 25% ethylene glycol, we did not detect 
any ethylene glycol molecules in the electron density map. 

Imiglucerase and prGCD both contain an Arg to His muta- 
tion at residue 495, with H495 making an H-bond (2.6 A) with 
the peptide carbonyl of F3 1 . In contrast, velaglucerase alfa con- 
tains a sequence identical to that of the natural human enzyme, 



^^^^^A° iW&X ^T^ "Sf?? " M ^ ucerase ™* P**^ ™® deviations (A) are shown for each of the two copies of the nwfecules 
-n the asymmetnc unit and were calculated nsmg PyMol (www.pymol.org). The PDB codes for imiglucerase and pr-GicCerase are 2/25 and2V3F, respec^y 



Imiglucerase- A 



Imiglucerase-B 



piGCD-A 



prGCD-B 



Velaglucerase alfa- A 
Velaglucerase arfa-B 



039 
038 



035 
0.43 



036 
0.46 



0.40 
0.46 



Domain 



Domain I 



Domain 




Domain il 



Domain I 



velaglucerase alpha 




Domain 111 



imiglucerase 



^^mlZl^^ T*^ £ ^T^^** fani S luccrase * T** domains of the enzymes are colored pink (domain I, residues 1-29 
and 383-414), blue (domain XL residues 30-75 and 431^*97), and gray (domain UI t residues 76-382 and 415-430). 
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with an Arg at residue 495, which does not make a similar 
H-bond. No major structural differences were observed in ve- 
lagiucerase alfa around residue R495, relative to imighicerase or 
prGCD. Two mutations which cause Gaucher disease, R496 and 
D474 (Figure 4) (Kawame et aL 1992; Beutler et al. 1993; Choy 
et al. 1 998), are in close proximity to R495 near the N-terminus 
of GlcCerase. D474 is at the end of a 3-straiui and R496 is 
part of a coil with no clear secondary structure, and their side- 
chains form a salt bridge and hydrogen bonds with each other; 
mutations in either of these two residues would disrupt these 
interactions. By analyzing the geometry and the interactions be- 
tween the side chains of these two residues, and the secondary 
structure of the region, we conclude that R496 or D474 may be 
involved in stabilizing the conformation of the N-terminus of 
the enzyme by their side chain interactions, with disruption of 
these bonds resulting in a flexible N-terminus and hence in a 
less stable structure. However, neither of these residues interacts 
withR495. 



Kinetic analysis 

To further compare velaglucerase alfa and imighicerase, and to 
determine if the mutation at residue 495 has any effect, kinetic 
parameters and specific activity were determined using a natu- 
ral glucosylceramide (GlcCer) substrate, rather than a surrogate 
substrate typically used to assess enzyme activity. Velaglucerase 
alfa has a ^ of 2100 mm" 5 , a K m of 19 ptM, and a V max of 
0.61 \lM min ! . Imiglucerase has a of 1900 min -1 , a K m 
of 15 u,M, and a V m of 036 nM min" 1 (figure 5). Similar 
K m values were reported in the literature; GlcCerase derived 
from brain tissue and fibroblasts both have a K m of 32 \xM us- 
ing GlcCer from Gaucher spleen (Vaccaro et al. 1982), while 
imiglucerase and prGCD have a K m of 15.2 and 20.7 jjlM, re- 
spectively, using a fluorescent GlcCer analog, C6-NBD-GlcCer 
(Shaaltieletal. 2007). In addition, at a 210 nM GlcCer substrate 
concentration, velaglucerase alfa and imiglucerase have similar 
specific activities of 26 and 24 U/mg, respectively. These results 




1PB 



26 



Characterization of gene-activated human add-0-gfocosidase 




Fig. 4. Mutations at the C-terminus of GlcCerase. Imiglucerase and 
pr-GlcCerase contain a His at residue 495 (yellow), whereas velaglucerase alfa 
contains Arg (green). Mutations R496 and D474, which cause Gaucher 
disease, are shown in magenta. Residues within 4 A distance of R495 and 
R496 are shown in cyan. 
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Fig. 5. Kinetic analysis of vclagiuccrase alfa and imiglucerase. and 
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demonstrate that human and CHO-cell derived GlcCerase, pre- 
pared by two different manufacturing processes, have similar 
enzymatic activities for the natural substrate. 

Glycan composition 

We next examined which sugars could be detected in the crystal 
stracture of velagracerase alfa. Even after partial deglycosyla- 
tion using Af-glycosidase F, two sugar residues were observed 
attached to residue N19 in both molecules A and B (Figure 6). 
One sugar was detected on NI46 in molecule A whereas no 
sugars were detected on N146 in molecule B (Figure 6). As 
reported previously for imiglucerase, no sugars were detected 
attached to either N270 or N59 in velaglucerase alfa. It should 



be noted that sugars attached to N27G have not been seen in any 
of the crystal structures solved to date, and sugars have been 
seen only occasionally on N59 (Brumshtein et al. 2006). Hie 
inability to detect sugars on either N59 or N270 is most likely 
due to the high flexibility of the corresponding glycan chains 
since nano-liquid chromatography electrospray ionization tan- 
dem mass spectrometry (iiano-LC-ESI-MS/MS) analysis of in- 
tact imiglucerase (Kacher et al. 2008), and of wlagjtacerase alfa 
(see below) showed that glycan chains were attached to both 
these residues* 

Velaglucerase alfa and imiglucerase bear distinctly different 
glycan chains due to the differences in their manufacture. In our 
comparative study of the carbohydrate content of unmodified 
velaglucerase alfa and imiglucerase by LC-ESI-MS, four of the 
five potential glycosylation sites, namely, NI 9, N59, NI46, and 
N270, were observed to be fully occupied in both. As expected 
from the crystal structures, N462 is fully unoccupied in both, 
due to its buried location. 

According to LC-ESI-MS analysis of grycopeptide maps, ve- 
laglucerase alfa contains primarily higji-mannose type glycans, 
consisting of six to nine mannose units, listed as the predomi- 
nant structure in Table m, the roost abundant ion present in the 
averaged spectra for each site corresponds to a glycan with nine 
mannose units. Glycan microheterogeneity was observed at each 
site and the less abundant structures are listed as other glycans. 
These oilier giycans consist of mannose residues with phospho- 
rylation at the C-6 position to create a mannose-6-phosphate 
(M6P) residue. The lowest levels of M6P were at NI9; N59 
and N146 had similar but higher levels relative to N19, while 
N270 had the highest amount of M6P. Despite the site-specific 
variation in relative levels of M6P, nonphosphorylated glycans 
remained the predominant species for all four sites. Abo ob- 
served on N59, N146 and N270 were mono-sialylated mono- 
antennary hybrid and complex-type structures with core fuco- 
sylation, which were quantified by glycan map analysis. These 
structures are consistent with a low percentage of glycosylation 
sites escaping kiftmensine inhibition, resulting in glycan matu- 
ration and core fucosylation. In the case of hybrid-type glycans, 
only a single antenna maturated. 

Hie results from site-specific glycan characterization were 
corroborated by glycan map analysis (Figure 8), which demon- 
strates high-mannose type glycans consisting of six to nine 
mannose units with a predominant nine-mannose structure. Es- 
timates from glycan map analysis show that the mono-sialylated 
mono-antennary hybrid structures account for ~2% of the total 
glycan pool. Hie map also demonstrates the presence of high- 
mmmose glycans containing one GlcNAc-capped MoT, a result 
of incomplete glycan processing, as well as high-mannose gly- 
cans bearing a single M6P. Also consistent with these results 
were data obtained from monosaccharide compositional analy- 
sis mat demonstrates approximately 0.8 mole of M6P per mole, 
of velaglucerase alfa, and approximately 0.6 moles of M6P per 
mole of imiglucerase. 

Site-specific glycan analysis demonstrated that imiglucerase 
contains primarily complex-type glycans with core fucosy- 
lation that terminate with the chitobiose tri-mannosyl core 
(Table IV), with an exception at the N19 she, which was 
observed to be devoid of fucose. These structures are as ex- 
pected for GlcCerase with exoglycosidase treatment to expose 
the core mannose residues. Imiglucerase also contains glycan 
microheterogeneity at each site of glycosylation, with lower 
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x Fig. 7. Glycan structures of velaglucerase alfa and imiglucerase. Predominant 
AMinked carbohydrate structures on velaglucerase aHa (top) and imiglucerase 
(bottom) axe shown graphically at their relative positions along the protein 
backbone. 
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Fig, 8. Glycan map analysis of velaglucerase alfa. CHycans released by 
W-glycosidase F were analyzed by anioo-exchange chromatography with 
amperometric detection. The method resolves glycans based on negative 
charge where peak group 1 corresponds to higb-mannose type neutral glycans 
that are resolved into multiple peaks according to the number of mannose 
units, peak group 2 corresponds to high-mannose type glycans with one M6P 
that retained its GIcNAc cap (one negative charge), and peak group 3 
corresponds to Mgh-mannose type glycans containing one fully processed 
M6P (two negative charges). In peak group 1, smaller peaks are resolved that 
correspond to positional isomers of the various oligomannose types observed. 



levels of core structures terminating with tf-acetylglucosamine 
(GIcNAc) that are likely a result of incomplete digestion with 
N-acetylglucosamiiiidase. At N146 and N270, high-mannose 
type glycans were observed containing five to six mannose units 
with one M6P. 

The glycan graphics shown in Figure 7 help to visualize the 
predominant structures for both forms of GlcCerase as described 
in Tables m and IV. These structures were consistent with gly- 
can types and levels observed with glycan map analysis as well 
as with previous reports (Van Patten et aL 2007). In the current 



Table IV. Carbohydrate composition of imiglncerase. Predominant structures 
are those observed to be most abundant at each /Y-linked grycosylation site. 
The other glycans consisted mostly of core structures with additional GIcNAc 
and high-mannose structures with M6P 
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Fig. 9. Velaglucerase alfa and imiglucerase internalization into differentiated 
macrophages. The ordinate of the graph represents the fluorescence data 
normalized for the cellular protein corxxntration and incubation time 
(RFU/ng/h), The GlcCerase dose is shown on the abscissa. 



study, the glycans of prGCD were not characterized, but earlier 
studies demonstrated the presence of core a-(l^)-xylose and 
core a-(13Mucase (Shaaltiel et aL 2007), which are unique to 
plant-derived proteins and would not be expected to be present 
on either velaglucerase alfa or imiglucerase. 

Internalization by macrophages 

Internalization of proteins by endocytosis is highly dependent 
upon their carbohydrate composition and has been well char- 
acterized (Kornfeld 1986). A comparison of the internalization 
rate of velaglucerase alfa to mat of imiglucerase in U937^erived 
macrophages demonstrated that velaglucerase alfa is internal- 
ized approximately 2.5-fold more efficiently than imiglucerase 
(Figure 9). Internalization of both enzymes could be inhibited 
by the addition of mannan to the culture medium, demonstrat- 
ing that internalization was mediated via mannose receptors; 
moreover, U937 cells were shown by imnumohistochemistry to 
express mannose receptors (CD206) (data not shown). It should 
be noted that during optimization of this assay, variations in 
results were obtained when different culture media were used. 
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Therefore, additional research will be required to determine the 
exact nature of the uptake since different mannose receptors 
exist, which may be involved in this cellular internalization. 
In contrast, the addition of M6P to the culture medium had 
no effect, confirming that the M6P receptor is not involved in 
internalization (data not shown). Since velaglucerase alfa and 
imiglucerase display similar kinetic parameters, specific activi- 
ties, and structural features, the different rates of internalization 
can be ascribed to differences in glycosylation patterns between 
velaglucerase alfa and imiglucerase, with the increased rate of 
internalization of velaglucerase alfa likely due to the expression 
of longer chain high-mannose type glycans compared to the 
core mannose structures found on imiglucerase. 

Conclusions 

In summary, the X-ray structure of velaglucerase alfa is 
very similar to those of recombinant GlcCerases produced in 
other expression systems, with the R495H mutations found in 
imiglucerase and prGCD having no effect on the secondary 
structure. The main difference between imiglucerase and ve- 
laglucerase alfa concerns their glycan structures, with the latter 
containing longer chain high-mannose type glycans compared 
to the core mannose structures found on imiglucerase. This dif- 
ference in glycosylation appears to lead to the increased cellular 
uptake of velaglucerase alfa over imiglucerase. The role of pro- 
tein glycosylation in cellular uptake is widely established in 
many cell types (Barton et al. 1991). However, while the func- 
tion of the macrophage mannose receptor (MR; CD206) in inter- 
nalization of mannosylated proteins is well characterized (East 
and Isacke 2002), a growing family of carbohydrate-binding re- 
ceptors have been implicated in diverse macrophage functions 
including removal and disposal of endotoxin (Ono et al. 2006), 
utilization of secreted lysosomal enzymes (Abe et al. 2008)! 
phagocytosis (Kang et al. 2005), and regulation of the innate 
immune response to microbial pathogen-associated structures 
(Gamer et aL 1994). Thus, the differences in uptake observed 
between imiglucerase and velaglucerase-alfa can be attributed 
to differences in affinity forCD206, or alternatively could be due 
to differential uptake mediated by other macrophage mannose 
receptors such as Endol80. This observed increase in cellu- 
lar uptake of velaglucerase-alfa over imiglucerase can be envi- 
sioned to lead to a more rapid time to improvement of clinical 
parameters and potentially increased therapeutic efficacy 



Material and methods 

Crystallization, structure determination, and refinement 
Velaglucerase alfa was partially deglycosylated (Kacher et al. 
2008) prior to oystallization, as previously described for 
imiglucerase (Dvir et aL 2003; Premkumar et al. 2005), us- 
ing W-glycosidase F (88 h at 25°Q, which removes carbohy- 
drate chains from proteins and peptides by cleaving the amide 
bonds between Asn residues and tf-acetylglucosarmne (Glc- 
NAc) (Han and Martinage 1992), but does not necessarily re- 
move all carbohydrate chains from native proteins. Subsequent 
to Af-glycosidase F-treatment, velaglucerase alfa was diluted 
in the crystallization buffer (10 mM citrate pH 5.5, 7% (v/v) 
ethanol, 0.02% (w/v) NaN 3 ) and passed through a Centricon 
YM-30 centrifugal filter device with a molecular mass cut-off 
of -30 kDa, to give a final concentration of 4-5 mg/mL. Ve- 
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laglucerase alfa crystals were obtained by micro-batch crystal- 
lization under oil (Chayen et al. 1990) using a Douglas Instru- 
ments Oryx6 robot The crystallization solution had a 1 : 1 ratio of 
the concentrated enzyme solution and of I M (NrL^SCVO.l M 
HEPES, pH 7.0, containing 0.5% (w/v) PEG8000. Crystalliza- 
tion was performed under ATs oil (D' Arcy et al. 1996) (1:1 ratio 
of paraffin and silicone liquid oils) for 5-14 days at 20°C Data 
were collected on beam line ID14eh2 at the ESRF synchrotron 
(Grenoble, France). Crystals were cryo-protected with a 25% 
ethylene glycol solution, mounted, and flash cooled to 100 K. 
X-ray diffraction images were processed using HKL2000 and 
scaled with SCAUEPACK (Otwinowski et al. 1997). The struc- 
ture was solved using the molecular replacement method based 
on PDB 2J25 (Brumshtein et al. 2006) and refined with Ref- 
mac5 (Murshudov et al. 1 997). During the course of refinement, 
the electron density map showed significant improvement,, and 
putative sugars could be seen adjacent to N19 and N146 for 
molecule A, and adjacent to N19 for molecule B. Table I sum- 
marizes data collection and processing. Structures and structure 
factors were deposited in the PDB (code 2WKL). 

Enzyme kinetics and specific activity 

The novel enzymatic activity assay described below measures 
the ability of GlcCerase to release glucose from GlcCer obtained 
from Gaucher spleen (Matreya LLC-, PA, Cat no. 1057). Ve- 
laglucerase alfa (drug substance lot EP06-O03) and imiglucerase 
(commercial product lot C7036C01) were assayed The re- 
leased glucose was quantified by anion-exchange chromatogra- 
phy equipped with a pulsed arnperometric detector. The appro- 
priate amount of GlcCer in chloroform/methanol (2:1, v/v) was 
dried by a Speed Vac in the presence of 0.2 M taurocholic acid 
in methanol and 20% (v/v) oleic acid in chloroform/methanol 
(2:1). The dried pellet was reconstituted in the 0.1 M citrate/0.2 
M phosphate buffer (pH 5.0) and diluted to the desired con- 
centrations. Enzyme samples were diluted to a concentration of 
0.2 ng/jiL with the dilution buffer (50 mM sodium citrate, pH 
6.0 with 0.75 mg/mL BS A) and 2 ng of enzyme was incubated 
for 30 min at 37°C with serial dilutions of GlcCer in a 1 10 yX 
reaction volume. The reaction was stopped by heat denaturing 
samples at 100°C for 5 min. Sample manipulations were inter- 
nally controlled by adding 100 p,L of a gakctosamine (GalN) 
solution to the reaction mixture. Dionex OnGuard II RP car- 
tridges were used to remove the detergent and lipid. The analysis 
was carried out on a Dionex high-performance anion-exchange 
chromatography device, coupled with a pulsed arnperometric 
detection apparatus (HPAE-PAD), using a CarboPac PA- 10 an- 
alytical column equipped with a CarboPac PA- 1 0 guard column. 
An isocratic flow of 6 mM NaOH at 0.25 mL/rnin for 25 min 
was used to separate monosaccharides (Glc and GalN). The 
amount of glucose (Glc) was calculated from linear regression 
analysis of GalN and Glc standards in the range of 1 (M80 pmol 
per injection. The assay was carried out in a range of substrate 
concentrations of 5-150 |iM, and obeyed Michaelis-Menten 
kinetics, thus permitting assignment of Km and values. 

Site-specific characterization of glycans 
Velaglucerase alfa (drug substance lot EP06-O03, Shire Human 
Genetic Therapies, Hampshire, UK) and imiglucerase (com- 
mercial product lot HA163BL) were prepared for enzymatic 
digestion by reductive denaturation with DTT, followed by and 
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cysteine alkylanon with iodoacetic acid. Alkylated samples were 
digested first with the endoprotemase Lys-C (Roche Diagnostics 
GmbH, Mannheim, Germany) (1:42 enzyme to substrate ratio, 
w/w, for 6h at 37°Q, followed by digestion with endoproteinase 
Glu-C (1:25 enzyme to substrate ratio, w/w, for 16 h at room 
temperature). Digested samples were analyzed by peptide mass 
mapping using reversed phase chromatography with in-line UV 
' (214 Dm) and electrospray ionization with mass spectrometric 
detection (LC-ESI-MS). By comparing the peptide maps before 
and after glycan release using Af-glycosidase F (New England 
Biolabs, Ipswich, MA), the five potential glycosylation sites 
were identified. Hie glycan mass was calculated by subtract- 
ing the expected peptide mass from the observed giycopeptide 
masses. Using software to match the observed glycan masses 
with potential monosaccharide compositions, glycan composi- 
tions for each site were determined lb verify monosaccharide 
compositions, treatments (according to manufacturer's recom- 
mendations) with neuraminidase (Roche Diagnostics GmbH) 
alkaline phosphatase (Roche Diagnostics GmbH, Mannheim! 
Germany), and a-mannosidase (Glyko, Inc., Hayward, CA) 
were used to verify the presence of sialic acid, phosphate, 
and alpha-linked mannose, respectively. MS/MS fragmentation 
analysis was used to verify glycan phosphorylation. 

Glycan map analysis 

Hie procedure involves heat denaturanon of the protein at 100°C 
for 3-4 minin the presence of 0 5% SDS, followed by enzymatic 
release of glycans with tf-glycosidase F (Prozyme, San Leandro, 
CA). Velaglucerase aim (drug substance lot EP06-001, Shire 
Human Genetic Therapies) was incubated with AA-glycosidase 
F (30 mU/3 >iL) for 4-6 h at 37°C with 0.9% NP40, followed 
by a second addition of iV-glycosidase F, and an additional 17- 
19 h incubation at 37°C Analysis of the released glycans was 
performed by HPAE-PAD, using a CarboPac PA-1 analytical 
column equipped with a CarboPac PA-1 guard column (Dionex, 
Sunnyvale, CA). Glycans were applied to the column in 12 
mM sodium acetate/100 mM NaOH, followed by elution with 
a 12-300 mM sodium acetate gradient (6.4 mM/min) in 100 
mM NaOH in 45 mia Using a flow rate of 1 mlVmin and the 
column at ambient room temperature, glycans elute in the order 
of increasing negative charge. 

Cellular internalization 

Human U937 cells were cultured in growth media contain- 
ing RPMI 1640 with 2 mM L-glutamine, 10 mM HEPES, 1 
mM sodium pyruvate, 45 g/L glucose, 1.5 g/L sodium bi- 
carbonate, and 10% FBS. Treatment with phorbol myristate 
acetate (PMA) for 3 days was used to induce differentiation 
into macrophages (Amento et aL 1984). The U937^derived 
macrophages were seeded into 96-well microliter plates at 
50,000 cells per well in growth medium, and allowed to ad- 
here to the plates for 48 fa . Seeded macrophages were incubated 
for 3 h with equimolar preparations of velaglucerase alfa (drug 
substance lot FEC06-003, Shire Human Genetic Therapies) or 
imiglucerase (Cerezyme®; coinniercial product lot C7036C0I, 
Genzyme, Cambridge, MA) at pH 7.5, in growth medium con- 
taining RPMI 1640 devoid of phosphate, 0.1% BSA, 10 mM 
HEPES, pH 7.5, 2 mM L-glutamine, 1 mM DTT, and 10 mM 
CaCI 2 . In all assays, the cells were treated with GlcCerase for 
a 3-h duration which was previously determined to be in the 



linear range of internalization. For dose response curves uti- 
lized to demonstrate mannose-receptor specificity, 10 mg/mL 
mannan was used to antagonize the receptor. After a series of 
wash steps (wash buffer 0.05 M Iris, 0.138 M NaO, 0.0027 M 
KC1, with 0.05% Tween 20, 05% BSA, pH 8.0), the cells were 
lysed (lysis buffer 10 mM Tris pH 8.0, 0.5% NP40, 0.2% de- 
oxycholate, Complete Mini Protease Inhibitor Cocktail Tablets 
in EAS Ypacks and PhosSTOP Phosphatase Inhibitor Cocktail 
Tablets m EAS Ypacks, Roche Applied Science), and the inter- 
nalized GlcCerase was quantified by an assay employing the 
synthetic substrate, 4-memylumteIliferyl-^r>^u(X)pyranoside 
(4-MU-gic), which releases a fluorescent product upon cleavage 
The protein content in the well was determined (BCA method 
according to the manufacturer's protocol) and was used to nor- 
malize the assay signal to total protein from each sample. The 
assay signal for the GlcCerase samples was tested in vitro to de- 
termine the extent of activity or signal disparity between the two 
drugs, and there was no difference in activity (data not shown). 
For these assays, 2-fold serial dilutions of velaglucerase alfa and 
imiglucerase (starting at 30 nM enzyme) were made in the assay 
lysis buffer and tested using the 4-MU-gic enzymatic activity 
assay. Plates were read with a Perkin Elmer Envision multi-label 
plate reader. 
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DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service 



Food and Drug Administration 
Rockville, MD 20857 



IND 61,220 



Transkaryotic Therapies, Inc. 
Attn: Suzanne L. Bruhn, Ph.D. 
Vice President, Regulatory Affairs 
700 Main Street 
Cambridge, MA 02139 



Dear Dr. Bruhn: 

We acknowledge receipt of your Investigational New Drug Application (IND) submitted under 
section 505(i) of the Federal Food, Drug, and Cosmetic Act. Please note the following 
identifying data: 

IND Number Assigned: 61,220 

Sponsor: Transkaryotic Therapies, Inc. 

Name of Drug: Gene-Activated® Glucocerebrosidase (GA-GCB, DRX008 A) 

Date of Submission: December 30, 2003 

Date of Receipt December 3 1 , 2003 

Studies in humans may not be initiated until 30 days after the date of receipt shown above. If, on 
or before January 30, 2004, we identify deficiencies in the IND that require collection before 
human studies begin or that require restriction of human studies, we will notify you immediately 
that (1) clinical studies may not be initiated under this IND ("clinical hold") or that (2) certain 
restrictions apply to clinical studies under this IND ^partial clinical hold"). In the event of such 
notification, you must not initiate or you must restrict such studies until you have submitted 
information to correct the deficiencies, and we have notified you that the information you 
submitted is satisfactory. 

It has not been our policy to object to a sponsor, upon receipt of this acknowledgement letter, 
either obtaining supplies of the investigational drug or shipping it to investigators listed in the 
IND. However, if the drug is shipped to investigators, they should be reminded that studies may 
not begin under the IND until 30 days after the IND receipt date or later if the IND is placed on 
clinical hold 



IND 61,220 
Page 2 

As sponsor of this IND, you are responsible for compliance with the Federal Food, Drug, and 
Cosmetic Act and the implementing regulations (Title 21 of the Code of Federal Regulations). 
Those responsibilities include (1) reporting any unexpected fetal or life-threatening adverse 
experience associated with use of the drug by telephone or fax no later than 7 calendar days after 
initial receipt of the information [21 CFR 312.32(c)(2)]; (2) reporting any adverse experience 
associated with use of the drug that is both serious and unexpected in writing no later than 15 
calendar days after initial receipt of the information [21 CFR 3 12.32(cXl)]; and (3) submitting 
annual progress reports [21 CFR 312.33]. 

Please forward all future communications concerning this IND in triplicate, identified by the 
above IND number, to the following address: 

U.S. Postal Service/Courier/Overnight Mail: 

Food and Drug Administration 

Center for Drug Evaluation and Research 

Division of Metabolic and Endocrine Drug Products, HFD-510 

Attention: Fishers Document Room, 8B-45 

5600 Fishers Lane 

Rockville, Maryland 20857 

If you have any questions, call me at (301) 827-6416. 



Sincerely, 

{See appended electrvnic signature page} 

Patricia Madara 

Regulatory Project Manager 

Division of Metabolic & Endocrine Drug Products 

Office of Drug Evaluation II 

Center for Drug Evaluation and Research 



This is a representation of an electronic record that was signed electronically and 
this page is the manifestation of the electronic signature. 



/s/ 



Patricia Madara 
1/12/04 02:28:37 PM 
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Attachment Gl 



A written record of the discussion that occurred on January 28, 2004 regarding 
modification of the protocol 



FDA CONTACT REPORT 
DRX008A 



Contact: 


Pat Madara, Metabolic and Endocrinologic Group 




Phone: 301-827-6416 


Date: 


28 Jan 2004 


Time: 


10:30 





TKT Participants: Steve Schmitz (SS) 



Executive Summary: 

• Pat Madara telephoned to say that Dr. Pariser, the medical reviewer for the IND submission, 
informed her that she had not received the protocol amendment, which incorporated the 
changes discussed at the Pre-IND meeting. 

• If she did not receive the amendment, the program would be placed on clinical hold. 

• I informed her that we were prepared to send out the amendment within the next 1 -2 days. 

Action Item i 

• Send out the protocol amendment to Pat Madara. 



Signature: 




Date: Zi rffr<> 

Copy List: W. Aliski RA Archives (original) 

R. Fram RA Chronology 
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This document contains confidential and proprietary information of Transkaryotic Therapies, 
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Letter from Transkaryotic Therapies, Inc. to FDA dated March 1 i , 2004, 
concerning amendment of protocol 



TRANSKARYOTIC THERAPIES INC 



TKT 



II March 2004 

Patricia Madara 

Regulatoiy Project Manager 

Division of Metabolic and Endocrine Drug Products 

Office of Drug Evaluation II 

Center for Drug Evaluation and Research 

5600 Fishers Lane 

RockvUle,MD 20857 



RE: IND# 61,220 

Amendment 2.0, Clinical Protocol TKT025 
SerialNo.002 

Product Name: Mannose-terminated, Gene-Activated® Glucocerebrosidase, 

(GA-GCB,DRX008A) 

Dear Ms. Madara: 

Please find enclosed a copy of Amendment 2.0 to Clinical Protocol TKT025 (Attachment 
1), and a document entitled, "Listing of Changes in Amendment No. 2 to TKT Clinical 
Protocol No. TKT025 (Attachment 2). 

The changes include: 

1) Addition of a MRI of the lumbar spine. Originally, the MRI evaluation examined 
only the femora and abdomen. However, in order to enhance the assessment of 
bone marrow involvement by the Bone Marrow Burden Score (see below), an 
MRI of the lumbar spine is required. 

2) The addition of an exploratory clinical activity variable, the bone marrow burden 
score. This score is obtained by evaluating MRI images of both the axial (lumbar 
spine) and peripheral (femora). 

3) Clarification of timing of vital sign determination 

4) Itemization, by "bulleting", in the Schedule of Events, to specify 
electrocardiogram testing at Weeks 2 1 and 33. 

5) Updating of the Informed Consent to describe the additional tests mentioned 
above. In addition, a statement regarding the potential eligibility of a patient who 
declined to enter the study, to receive approved therapy (Le., imiglucerase), was 
deleted TKT believed that the statement, as written in the Amendment L0, had 
potential to be misleading to patients. We were concerned that a patient could 
possibly interpret the previous wording to mean that, in the event that he declined 
to participate in the study, the Sponsor would provide imiglucerase, a currently 
approved therapy for Gaucher disease. 



700 MAIN STREET, CAMBRIDGE, MA 02 1 39 617 349-0200 FAX 6 1 7 6 1 M004 



r 



If you have any questions or comments, please telephone me at 617-613-4364. Thank you 
for your consideration. 

Sincerely, 

Stephen M. Schmitz, M.D., MJ».H. 
Director, Safety and Regulatory Affairs 
Transkaryotic Therapies, Inc. 
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FDA communication to Transkaryotic Therapies, Inc. dated May 20, 2004, 
concerning amendment to protocol 



AGENCY CORRESPONDENCE 



Contacts) 



Date 



Time 



GCB 



Pat Madara, Project Manager 
Div. of Metabolic and Endocrinologic Drug Products/CDER/FDA 
301-827-6416 



20 May 2004 



1400 and 1415 (Hours and Minutes in Military Time) 



Agency Participants 

Pat Madara, Project Manager (PM) 

Re: IND 61,220 - DRX008A (glucocerebrosidase, GA-GCB) 

TKT Participants 

Suzanne L. Bruhn, VP, Reg. Affairs (SB) 

Alyssa Sonntag, Project Manager, Reg. Affairs (AS) 



Executive Summary 

• FDA has no comments on the blinding procedure to be implemented for the analysis of 
liver and spleen volumes from MRI scans taken for Study TKT025. TKT will make no 
changes to the current version of the blinding procedure (dated 7 April 2004). 



Summary 

At 1400, SB called PM to ir^uire on the status of FDA's review of the blinding procedure for 
analysis of liver and spleen volumes from the MRI scans taken for Study TKT025, which was 
submitted to the IND in Serial 003 on 7 April 2004. PM stated that the Medical Officer's review 
ot this submission had been completed but she would need to confirm if there were any 
comments to relay to the sponsor from that review. PM stated that she would contact us soon 
wito tlus information, but we should call her again after 2 weeks if we had not heard from her 
FM win be out of the office during the last week of May and the first week of June. 

PM called back at 1415 and informed SB that she had pulled the Medical Officer's review and 
that it was safe to proceed [with the blinding procedure] as amended." Therefore, TKT will 
make no changes to the current version of the blinding procedure (dated 7 April 2004). 

Serial Submissions Discussed 



Serial 003, submitted to IND 61,220 on 7 April 2004 



This document contains confidential and proprietary information of Transkaryotk Therapies, Inc. 

do not copy or distribute without written permission. 
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Action Item(s) 
• None 



Siimatarer^ j^^^fc^ Date M JfftP-( 

Copy List Regulatory Chronology (Original w/ signature) 
S.Bruhn 
R.Fram 
S.Zildjian 
N. Wyant 



TfeBS DOCUMENT CONTAINS CONFIDENTIAL AND PROPRIETARY INFORMATION OF T^ANSKAR YOTIC THERAPIES, INC 

DO NOT COPY OR DISTRIBUTE WITHOUT WRITTEN PERMISSION. 
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Attachment H 

Letter from FDA to Shire Human Genetic Therapies, Inc. indicating the date the 
IND was put on clinical hold 
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HECBVSD 



NOV 2 8 2006 

FAX SH,RE hot 



FOOD AND DRUG ADMINISTRATION 

DIVISION OF GASTROENTEROLOGY PRODUCTS 

Crater for Drug Evaluation and Research, HFD-180 

1 0903 New Hampshire Ave, Silver Spring, MD 20993-0002 




Fax:617-613-4444 Fax: 301-796-9905 

Phone:617-613- 4531 Phone: 301-7964)846 

Pagys, including cover sheet: 8 Date: November 28, 2006 

Re: IND 61,220 for GA-GCB — Full Clinical Hold Letter 
Comments: " ~ " ~ ~ 

Courtesy Fax 
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DEPARTMENT OF HEALTH & HUMAN SERVICES Pubfc Health Service 

Food and Drug Administration 
RockvifevMD 20857 

IND61 ' 220 FULL CLINICAL HOLD 

Shire Human Genetic Therapies 

Attrition: NikhiJ Mehta, PhJ>. 

Vice President, Global Regulatory Affaire 

700 Main Street 

Cambridge, MA 02139 



Dear Dr. Mehta: 



Please refer to your Investigational New Drug Application (IND) submitted December 30, 2003, 
received December 3 1 , 2003, under section 505© of the Federal Food, Drug, and Cosmetic Act* 
for Gene Activated® Glucocerebrosidase (GA-GCB). 

We also refer to your amendment dated August 3, 2006 (serial # 035) ? and to the 
™y ember 20, 2006, telephone conversation between you and our Division, in which you were 
notified that your IND is an clinical hold and any imposed studies may not be initiated The 
following are the specific deficiencies [21 CFR 312.42(b)] and the information needed to resolve 
these deficiencies. 

Insufficient information to assess risks to human subjects [21 CFR 3 12.42(b)(2)(ii)]. 
Clinical Hold Deficiencies 

The chemistry, manufacturing, and controls (CMC) amendment dated August 3, 2006, 
did not demonstrate that the two manufacturing processes for Gene Activated® 
Gtococerebrosidase (GA-GCB) yield drug substances (DS) with comparable 
physicochemical characteristics. The comparability data provided in this amendment 
revealed that there were the following physicochemical differences between DS produced 
by the two processes: 

a. For the glycan mapping, the total percentage of Group 1 carbcAy drates is diJBferent 
between the two DS, and it appears that relative proportions of individual peaks 
within Group 1 are different in the two DS. 

b. Although the predominant peaks C, D, and E in IEX-HPLC constitute more than 
75% of the total peak area and meet the acceptam^ criteria, there is a significant 
shift in the proportion of each peak, which does not appear to be due to assay 
variability. 



c. The patten of bands detected by 1EF gels Cooxnassie stained is different in DS 
manufactured with the senim containing process (E303 -006) versus DS 
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mamrfactured witfa the animal-free process (EP06-003). At least one additional 
acidic species is present in E3 03-006. 

tU^^^^t 08 n™**"*™* *e new manufacturing process in your 
proposed Phase 3 clinical study, and as this DS has not been evaluated t^linieal or 
cluneal states, insufficient information exists with this DS to assess the risks to human 
subjects for the proposed Phase 3 clinical investigation. 

Information needed t o resolve clinical hold deficiencies 

L Y ™ '^^onstrate the comparabUity of DS by the two nianufacturmg processes 
as set forth in the "Guidance for Industry QSE Comparability of '"eJ'"***** 
BtotechnologicaVBiological Products Subject to Changes in their Manufacturing 

Z t^ T ^ V f 1 ^ a "J* P^P^ to P"* 0 ™ your Phase 3 clinical study using the same 
a™Jstoed in the completed Phase 1/2 study and in the pre-clinical telting 
conducted in support of this Phase 1/2 study. 

Alieniauveiy, you may propose to repeat pre-clinical and clinical studies with DS 
manufactured using the new manufacturing method, which are needed to support the 
proposed Phase 3 clinical study. These studies are to include: 

a. A head-to-head comparison of the two DS in « vitro and in vivo 
pharmacology studies to demonstrate comparability of the two DS on the 
primary pharmacological effect of GA-GCB. 

b. A head-to-head tissue distribution comparison of the two DS in Spraeue 
Dawley rats of both sexes. 

c. A clinical study to assess me pharmacokinetics, pharrnacodynamics, and 
preliminary safety of GA-GCB admink 



Ifatil you have submitted the required mfonnation, and we notify you that you may initiate the 
tnal, you may not legally cOTaurt 3 

l^J^^n I ^ P ° nSe to Ae ho W issues as a "CLINICAL HOLD COMPLETE 

£tJmt! £ 2°- ^ 8 KspoDse tov o^ submission, submit this information in triplicate to 
the IND. In addition, send a copy of the cover letter to Ryan Barraco. 

^owuuj receipt of your complete response to these issues, we will notify you of our decision 
witfun 30 days. 

dM^T^ ^^nendatio^ and requests that are important for product 

Chmcal h ° ld ^ * this time. Your responses to any non-hold issues 
should be addressed in a separate amendment to the HMD. 
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Regarding characterization and release testing: 

K You are currently measuring enzymatic activity using a surrogate suhstrate. 
In order to properly characterize DS and drug product (DP), measurements of 
the Km and kc* kinetic parameters using a physiologically relevant substrate 
should be performed. 

2. Routine DS and DP release testing should also include (0 measurements of 
the Km and kc* kinetic parameters using a physiologically relevant substrate, 
and (it) a quantitative assessment of receptor binding and uptake by 
macrophages. Please note that glycan mapping is not considered to be a 
potency assay from a regulatory perspective. 

3. An in-depth characterization of die glycan structures in GA-GCB, with 
information on branching and size of the glycan chains, maimose-6P contetyr 
and residual content of NANA should be performed. Adequate assays that 
allow for control of carbohydrate content and structure should be included in 
release testing. 

4. The area for each peak identified in groups 1, 2 and 3 of the glycan mapping 
assay should be specified in your release testing. 

5. N-termmal sequencing and Western blotting for identity, and Ion Exchange 
Chromatography for purity were not performed at release testing for the 
clinical lots of DS. These tests assess critical product attributes and should be 
maintained as release tests. 

6. Your current DS acceptance criteria for RP-HPLC and SE-HPLC are > 94% 
of the main peak area. From die results of batch analysis, it appears that on 
average, RP-HPLC purity is about 98% and SE-HPLC is about 97%. 
Acceptance criteria should be establiAed based on process capability and 
manufacturing experience, and we recommend establishing more stringent 
specifications. 

7. It appears that the new process generates a DS with a higher percent of 
aggregates (by comparison of batch analysis results). These aggregates should 
be characterized, and an orthogonal method to detect aggregates should be 

. used to validate SE-HPLC. 

8. It is not clear whether studies were performed to detect impurities that could 
arise from the DP manufacturing process. The increase in aggregation of 
GA-GCB during DP manufacturing should be documented, and procedures 
implemented to minimize aggregate formation. 
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9* You have significantly changed DP acceptance criteria for SE-HPLC and 
RP-HPLCto>92% main peak area* Although you justify these acceptance 
OTteria based cm limits 

excessive amounts of aggregates and impurities in the DP. Acceptance criteria 
should be established based on process capability and manufacturing 
experience, and we recommend establishing more stringent specifications. 

Regarding the manufacturing process: 

10- You provided flow charts for the manufacturing process that include in- 
process controls. It appears that the only in-process control in the purification 
step is protein recovery. We recommend inclusion of additional in-process 
tests that could provide information on purity such as, but not limited to, SDS- 
PAGE reducing and non-reducing. 

1 1 . You stated that impurities derived from the culture medium, such as plant 
hydrolysates, kifunensine ami DTT wfl 1 be removed during the purification 
process. You should provide supportive data for the above claims. Presence 
of impurities should be assessed and specified at critical steps, and in lot 
release. Alternatively, removal of the process-related impurities must be 
validated. 

12. Acc^rtance criteria for HCP content should be modified to reflect the actual 
capability of the process to remove these impurities. Currently, acceptance 
criterion is <200 ng/mg, and the actual results range from 7 to 23 ng/mg. 

13. You state that antibodies have been raised against protein lysates fiom cells 
growing in serum-free and serum-containing medium. Please clarify which 
antibodies have been used to develop the ELISA and Western blotting assays. 

Regarding stability: 

14. It is important to demonstrate that critical drug potency parameters are not 
altered at the indicated storage temperature. Please include the following 
assays in your stability testing program for DS and DP: 

a. Macrophage uptake assay and receptor binding assay. 

b. Measurements of the Km and kcat kinetic parameters. 

c. All assays should be evaluated for stability indicating potential 

15. Please refer to ICH Q5C for guidance on stability studies for biotechnology 
products. 
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Regarding cell banks: 



??"PT° v,ded a stabi1ft y Program for MCB and WCB of up to four years. 
Viabihty and growth should be assessed at later times as well, to ensure that a 
constant supply of staffing material is reproducibly available. 

1 7. Please submit data regarding viral clearance by filtration for review as soon as 
they are available. 

Clfarical/Stafj^ical 

Regarding your proposed Phase 3 clinical protocol; 

18. Your protocol contains a large number of secondary endpoints. If you intend 
to use any of these secondary endpoints to support the indication for the 
treatment of type 1 Gaucher disease with GA-GCB, you wflj need to include 
m your statistical analysis plan a proposal for evaluating these endpoints in a 
statistically rigorous manner that accounts for multiplicity. 

19. Please provide a rationale for performing pharmacokinetic sampling to 
evaluate the multiple-dose pharmacokinetics of GA-GCB at Week 37. 

20. Your protocol excludes from study participation patients who are anti- 
aniglucerase IgG antibody positive. As stated at the End of Phase 2 (EOP2) 
meeting on January 1 1 , 2006, it is likely mat at least some of the patients in 
clinical practice who transition from Cerezyme® to GA-GCB will be IgG 
anu-raiglucerase antibody positive. We recommend that the inclusion criteria 
be broadened to include type 1 Gaucher Disease patients regardless of 
miiglucerase^amubody status, as inclusion of these patients would more 

T"^^^ expected «se of GA-GCB, and would support 
the use of GA-GCB in a broader patient population. 

21. The stopping rules for your study {in protocol section 9.4) state that If any 
patiemN experiences a loVthreatening (Grade 4) serious adverse event (SAE), 
or death. occurs that is considered possftly or probably related to tiie study 
drug, the ^decision to stop the study x«ruiresagreemem by tiie Shire HGT 
Medical Monitor, the Investigator, and the IRB/TEC." Please revise the 
stopping rules for the study based on specific safety criteria, rather than on the 
subjective assessment of events by study personnel. 

22. The ptocwiures for Serious Adverse Event (SAE) reporting (in protocol 

T^/^lfT ** "A** SAE ™*™ after admraistration of the first 
dose of GA-GCB must be reported in the event of a severe, possibly or 
probably related AE or SAE..." Please revise the SAE reporting procedures in 
youirjpratocol to more accurately reflect the requirements under 
21CPR 3l232(cXl) and (2% whereby "The sponsor shall notify FDA and afl 
pamcroataig investigators in a written IND safety report of: (A) Any adverse 
experience associated with the use of the d^g that is both serious and 
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unexpected..." and "The sponsor shall also notify FDA by telephone or by 
facsimile transmission of any unexpected fetal or life^tbreatening experience 
associated with the use of the drug... in no event later than 7 calendar days..." 
Please note that this requirement does not include a subjective assessment 
(possibly or probably related) of the event 

23. Please revise your protocol so that all pediatric patients participating in the 
study are to undergo assessments of growth at regular intervals in fce study. 
Assessments of growth including, at minimum, assessments ofheigbt and 
welfare to be obtained in a standardized ma^ 

the study protocol (e.g„ height measured via a calibrated stadiometer, and the 
final measurement taken as an average of three measurements). 

24. Your sample Informed Consent form states (on page 5, paragraph 7) that 
children as young as two years of age wffl be umh^ing magnetic resonance 
imagmg(MRD testing. In young children, sedation is often required forMRI 
testing. We recommend that you revise your sample Informed Consent form 
to note the possible need for sedation in pediatric patients forMRI testing, and 
an explanation of the risks of sedation in these patients. 

Please cite the IND number listed above at the top of the first page of any communications 
concamngthis application. Send all submissions, electronic or paper, including those sent by 
overnight mail or courier, to the following address: 

Food and Drug Administration 
Center for Drug Evaluation and Research 
Division of Gastroenterology 
5901-B Ammendale Road 
Beltsvflte, MD 20705-1266 

[f you have any questions, call Ryan Barraco, Regulatory Project Manager, at (301) 796-0846. 

Sincerely, 

{See appended electronic signature page) 

Brian R Harvey, MD., Ph.D. 
Director 

Division of Gastroenterology Products 

Office of Drug Evaluation m 

Cento for Drug Evaluation and Research 
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Attachment I 

Letter from FDA to Shire Human Genetic Therapies, Inc., dated December 21, 
2006, removing the clinical hold and indicating that the protocol can be initiated 



DEPARTMENT OF HEALTH & HUMAN SERVICES PuUk: Health Service 



Food and Drug Administration 
Rockvi3e, MD 20857 
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Shire Human C^c Therapies / ^ST** REGU ^^ ^ 

Attention: Nikhil Mehla, Ph.D. 

Vice President, Global Regulatory Affaire „ 

7W Main Street •"" 7 JAN 5 ^ 

Cambridge, MA 02139 

SH{BE1HGT SHIRE HGT 

Dear Dr. Mehta: ! . , 

-v..;.._. . c'-----k • 

Please refer to , your Investigational New Drug Application (END) submitted December 30, 2003, " ~~ 
under section 505(0 of the Federal Food, Drug, and Cosmetic Act for Gene Activated 
Glucocerebrosidase (GA-GCB). 

We also refer to your amendment dated November 30. 2006 Aa-rial * Q4i) w hi c h jsovided a 

SK? EES? ?, T December 7 > 2006 > fetter which cited the reasons' for placing Protocol 
TKT032, titled A Multi-center, Randomized, Double-Blind, Parallel Group, Two-Dose Study of 
Gene-Activated™ Human Glucocerebrosidase (GAGCB) Enzyme Replacement Therapy in 
Patients with Type I Gaucher Disease," on clinical hold and the information needed to resolve 
the clinical hold issues. 

We have completed the review of your submission, and have concluded that the above protocol 
may be initiated. F 

We have the following comments, however, regarding your clinical development program: 

L^l?^™ ofIEX - HPLC ■** g>y can mapping data for drug substance (DS) lots 
EJ03^005, E303-O06, E303-O07, and EP06-003 indicate that physico-chemical 
differences exist between the DS manufactured with different processes that were used in 
cluneal trials. However, these differences do not appear to pose a serious safety risk to 
human subjects, and clinical trials with the Animal Free (AF) DS appear to be safe to 
proceed at this time. Nevertheless, in view of these differences, please be aware that you 
rmght not be able to use the Phase 1 clinical data generated using the serum-containing 
DS to support a future marketing application for GA-GCB. 

As spc^rofthisIND, you are responsible for compliance with the Federal Food, Drug, and 
Cosmetic Act and fee miplementmg regulations (Tide 21 of the Code of Federal Regulations) 
inose resrwnsibilities mclude (1) reporting any unexpected fatal oi lif^tnreateniiiR adverse 
experience associated with use of the drug by telephone or fax no later than 7 calendar days after 
m^re^rptofmemfonnation [21 CFR 3 12.32(c)(2)]; (2) reporting any adverse experience 
associated with use of the drug that is both serious and unexpected in writing no kterman 
15 calendar days after initial receipt of the information [21 CFR 312.32(c)(1)]- and (3) 
Submitting aniiualpxogi]essreporte(21CFR312.33]. ' 
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If you have any questions, call Ryan Barraco, Regulatory Project Manager, at (301) 7964)846. 

Sincerely, 

{See appended electronic signature page} 

Brian E. Harvey, MD, PhJD. 
Director 

Division of Gastroenterology Products 

Office of Drug Evaluation HI 

Center for Drug Evaluation and Research 
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Attachment J 

Letter from FDA to Shire Human Genetic Therapies, Inc., dated September 14, 
2009, acknowledging receipt of the final submission of the NDA 



Food and Drug Administration 
Silver Spring MD 20993 



NDA 22575 

Shire Human Genetic Therapies, Inc. 

Attention: Nikhil Mehta, PhD. 

Vice President, Global Regulatory Affairs 

700 Main Street 

Cambridge, MA 02139 



Dear Dr. Mehta: 

We have received your new drug application (NDA) submitted under section 505(b) of the 
Federal Food, Drug, and Cosmetic Act (FDCA) for the following: 

Name of Drug Product: TRADENAME (velaghicerase alfa) 



NDA ACKNOi _ 

, HGT 




SEP 1 4 Z()09 

Received 



Date of Application: August 3 1, 2009 
Date of Receipt: August 31, 2009 

Our Reference Number: NDA 22575 

Unless we notify you within 60 days of the receipt date that the application is not sufficiently 
complete to permit a substantive review, we will file the application on October 30, 2009, in 
accordance with 21 CFR 314.101(a). 

If you have not already done so, promptly submit the content of label ing [2 1 CFR 
3 14.50(1)(1)(3)] in structured product labeling (SPL) format as described at 
http://www,fda.gov/oc/datacouncil/spl.html. Failure to submit the content of labeling in SPL 
format may result in a refusal-to-file action under 21 CFR 314.101(d)(3). The content of 
labeling must conform to the content and format requirements of revised 21 CFR 201.56-57. 

The NDA number provided above should be cited at the top of the first page of all submissions 
to this application. Send all submissions, electronic or paper, including those sent by overnight 
mail or courier* to the following address: 



Food and Drug Administration 
Center for Drug Evaluation and Research 
Division of Gastroenterology Products 
5901-B Ammendale Road 
BeltsvUle, MD 20705-1266 
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All regulatory documents submitted in paper should be three-hole punched on the left side of the 
page and bound. The left margin should be at least three-fourths of an inch to assure text is not 
obscured in the fastened area. Standard paper size (8-1/2 by 1 1 inches) should be used; however, 
it may occasionally be necessary to use individual pages larger than standard paper size. 
Non-standard, large pages should be folded and mounted to allow the page to be opened for 
review without disassembling the jacket and refolded without damage when the volume is 
shelved. Shipping unbound documents may result in the loss of portions of the submission or an 
unnecessary delay in processing which could have an adverse impact on the review of the 
submission. For additional information, please see http://www.fda.gov/cder/ddms/binders.htm . 

If you have any questions, call me at (301) 796-0069. 



Sincerely, 

(See impended electronic signature pagej 

R. Wesley Ishihara 

Regulatory Health Project Manager 

Division of Gastroenterology Products 

Office of Drug Evaluation III 

Center for Drug Evaluation and Research 
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Attachment K 



Certification of Copies of Application Papers 



Express Mail Label No.: EB575684815US 



Attorney Docket No.: S2071-70I019/0013US 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re U.S. Patent No.: 7,138,262 Bl 
Issued: November 2 1 , 2006 
Inventors: Peter Francis Daniel 
Assignee: Shire Human Genetic Therapies, 
Inc. 

Title: HIGH MANNOSE PROTEINS AND METHODS OF MAKING HIGH 

MANNOSE PROTEINS 



CERTIFICATE OF EXPRESS MAILING UNDER 37 C.F.R. §1.10 
The undersigned hereby certifies that this document was deposited with the U.S. Postal Service on 
April 22, 2010 for express mailing in accordance with §1.6fa)(2). ^ 



Mail Stop Hatch-Waxman n n, 

Commissioner for Patents 

P.O.Box 1450 

Alexandria, VA 22313-1450 

APPLICATION FOR EXTENSION OF PATENT TERM UNDER 35 U.S.C. S 156 

Applicant, Shire Human Genetic Therapies, Inc. represents that it is the Assignee 
of the entire interest in and to United States Patent No. 7,138,262 Bl granted to Shire 
Human Genetic Therapies, Inc. on the 21st day of November 2006, for "High Mannose 
Proteins and Methods of Making High Mannose Proteins" by virtue of an assignment 
from Peter Francis Daniel to Transkaryotic Therapies, Inc., recorded in the U.S. Patent 
and Trademark Office at Reel 01 1 662, Frame 081 5, on March 28, 2001 , and from 
Transkaryotic Therapies, Inc. to Shire Human Genetic Therapies, Inc., recorded in the 
U.S. Patent and Trademark Office at Reel 018224, Frame 0390, on August 3 1 , 2006. 

By the Power of Attorney enclosed herein (Attachment A), Applicant has 
appointed several individual attorneys, including Laurie Butler Lawrence, as attorneys for 
Shire Human Genetic Therapies, Inc. with regard to this application for extension of the 
term of U.S. Patent No. 7,138,262 Bl and to transact all business in the U.S. Patent and 
Trademark Office in connection therewith. 
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Transkaryotic Therapies, Inc. became Shire Human Genetic Therapies, Inc. on 
January 17, 2006. Shire Human Genetic Therapies, Inc. is the holder of the regulatory 
approval granted with respect to the regulatory review period relied on herein. 

Information Required Under 37 C.F.R. § 1.740 

Applicant hereby submits this application for extension of the patent term under 
35 U.S.C. § 1 56 by providing the following information required by the rules 
promulgated by the U.S. Patent and Trademark Office (37 C.F.R. § 1.740). For the 
convenience of the Patent and Trademark Office, the information contained in this 
application will be presented herein in a format which follows the order of the 
requirements of Section 1.740 of Title 37 of the Code of Federal Regulations. 

(1) Identification of the Approved Product |L740(a)(l)] 

The approved product is VPRIV . The name of the active ingredient in 
VPRIV is velaglucerase alfa for injection. Velaglucerase alfa for injection is a 
hydrolytic lysosomal glucocerebroside-specific enzyme indicated for long-term 
replacement therapy (ERT) for pediatric and adult patients with type 1 Gaucher disease. 
The active ingredient of VPRIV is velaglucerase alfa, which is produced by gene 
activation technology in a human fibroblast cell line. Velaglucerase alfa is a glycoprotein 
of 497 amino acids; with a molecular weight of approximately 63 kDa. Velaglucerase 
alfa has the same amino acid sequence as the naturally occurring human enzyme, P~ 
glucocerebrosidase. Velaglucerase alfa contains 5 potential N-linked glycosylation sites; 
four of these sites are occupied by glycan chains. Velaglucerase alfa is manufactured to 
contain predominantly high mannose-type N-linked glycan chains. VPRIV™ is supplied 
as a sterile, preservative free, Iyophilized powder in single-use vials. Following 
reconstitution with Sterile Water for Injection, USP, the solution contains the components 
listed in Table 3 of the package insert, which is provided in Attachment B (a copy of the 

2 

1019686 



In re U.S. Patent No.: 7,138,262 Bl Attorney Docket Na: S2071-701019/0013US 

Issued: November 21, 2006 
Inventors: Peter Francis Daniel 
Assignee: Shire Human Genetic Therapies, 
Inc. 

Title: HIGH MANNOSE PROTEINS AND METHODS OF MAKING HIGH 
MANNOSE PROTEINS 

package insert is also provided as an enclosure to the NDA approval letter from FDA to 
Shire Human Genetic Therapies, Inc., dated February 26, 2010 in Attachment C). 

(2) Federal Statute Governing Regulatory Approval of the Approved 
Product 11.740(a)(2)] 

The approved product, VPRIV , was subject to regulatory review under § 505(i) 
and §505(b) of the Federal Food, Drug, and Cosmetic Act (21 U.S.C. § 355(i) and § 
355(b)). 

(3) Date of Approval for Commercial Marketing 1 1.740(a)(3)) 

The approved product, VPRIV , received permission for commercial marketing 
or use under Section 505(b) of the Federal Food, Drug, and Cosmetic Act on February 
26, 2010. A copy of the NDA approval letter from FDA to Shire Human Genetic 
Therapies, Inc., dated February 26, 2010 (with enclosure), is provided as Attachment C. 

(4) Identification of Active Ingredient and Certifications Related to 
Commercial Marketing of Approved Product [1, 740(a)(4)] 

The only active ingredient in VPRIV is velaglucerase alfa for injection which, 
on information and belief, has not been previously approved for commercial marketing or 
use under the Public Health Service Act, the Virus-Serum-Toxin Act or the Federal Food, 
Drug, and Cosmetic Act. A copy of the package insert describing the approved product is 
attached (Attachment B). 
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(5) Statement Regarding Timeliness of Submission of Patent Term 
Extension Request 1 1.740(a)(5)! 

This application for extension of patent term under 35 U.S.C. § 156 is being 
submitted within the permitted 60-day period pursuant to 37 C.F.R. § 1.720(f). The last 
day on which this application can be submitted is April 26, 2010. 

(6) Complete Identification of the Patent for Which Extension Is Being 
Sought 11.740(a)(6)] 

The complete identification of the patent for which a term extension is being 
sought is as follows: 

Inventors: Peter Francis Daniel 

Patent No.: 7,138,262 Bl 

Filing Date: August 1 8, 2000 

Issue Date: November 21 , 2006 

Expiration Date: August 18, 2020 

(7) Copies of the Patent for Which an Extension is Being Sought 
[1.740(a)(7)] 

A copy of U.S. Patent No.: 7,138,262 Bl is provided as Attachment D. 

(8) Copies of Disclaimers, Certificates of Correction, Receipt of 
Maintenance Fee Payments, or Reexamination Certificate [1.740(a)(8)] 

(a) U.S. Patent No.: 7,138,262 Bl is not subject to a terminal disclaimer. 

(b) No certificate of correction has been issued for U.S. Patent No.: 7,138,262 Bl . 

(c) The first maintenance fee for U.S. Patent No.: 7,138,262 Bl will be due with 
a payment of the surcharge on May 22, 2010. This maintenance fee has been paid as 
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shown in the copy of the USPTO ? s on-line record of patent maintenance fee payment for 
this patent which is attached (Attachment E). 

(d) U.S. Patent No.: 7,138,262 Bl has not been the subject of a reexamination 
proceeding. 

(9) Statement Regarding Patent Claims Relative to Approved Product 
[1.740(a)(9)] 

The following claims of U.S. Patent No. 7,138,262 Bl claim a method of 
manufacturing the approved product, VPRIV™: claims 1-4, 12-18, 23, 26-38, 48-54, and 

c<n r * 
J /-Ol. 

(iii) Pursuant to M.P.E.P. § 2753 and 37 C.F.R. § 1.740(a)(9)(iii), the following 
explanation is provided which demonstrates the manner in which at least one such patent 
claim reads on the method of manufacturing the approved product, VPRIV . 

Description of the approved product and the method of manufacturing the same: 

Velaglucerase alfa for injection is human P-glucocerebrosidase produced by gene- 
activation in immortalized human fibroblast HT-1080 cells. Gene activation refers to the 
introduction of an exogenous promoter into the cell that activates the endogenous human 
p-glucocerebrosidase gene. The activated gene expresses human p-glucocerebrosidase. 
p-glucocerebrosidase has 5 potential N-linked glycosylation sites, four of which are 
occupied by glycan chains in velaglucerase alfa for injection. 

Glycosylation of velaglucerase alfa for injection is altered by culturing the cells in 
the presence of kifunensine, a mannosidase I inhibitor, at 2 fig/ml. This results in the 
secretion of human p-glucocerebrosidase containing primarily high-mannose type glycan 
chains having 6-9 mannose units per glycan chain. The cells are cultured under 
conditions wherein: 
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the mannosidase inhibitor prevents removal of one or more a 1,2 mannose 
residue(s) distal to the pentasaccharide core; the removal of one or more mannose 
residues distal to the pentasaccharide core is prevented on at least two carbohydrate 
chains of hmGCB; at least 60% of the high mannose glucocerebrosidase (hmGCB) of the 
preparation have three or more carbohydrate chains in which the removal of one or more 
mannose residues distal to the pentasaccharide core has been prevented; at least about 
60% of the hmGCB of the preparation have one or more carbohydrate chains having at 
least eight mannose residues; the mannosidase inhibitor further prevents the removal of 
one <xl,3 mannose residue distal to the pentasaccharide core; the mannosidase inhibitor 
further prevents the removal of one a 1,6 mannose residue distal to the pentasaccharide 
core; the mannosidase inhibitor prevents removal of at least three mannose residues distal 
to the pentasaccharide core of the precursor oligosaccharide of GCB; at least 60% of the 
hmGCB of the preparation have one or more carbohydrate chains in which the removal of 
three or more mannose residues distal to the pentasaccharide core has been prevented; at 
least 60% of the hmGCB of the preparation have one or more carbohydrate chains having 
at least eight mannose residues; and at least about 80% or more of the carbohydrate 
chains of the hmGCB preparation have six or more mannose residues. 

Velaglucerase alfa for injection is harvested from media in which the cells are 
cultured. 

Velaglucerase alfa for injection is secreted as a monomelic glycoprotein of 
approximately 63 kDa and is composed of 497 amino acids with a sequence identical to 
the natural human protein. The amino acid sequence of velaglucerase alfa for injection is 
described in Zimran et al. (2007) Blood Cells Mol Dis, 39: 115-11 8. Velaglucerase alfa 
for injection contains 5 potential N-linked glycosylation sites; four of these sites are 
occupied by glycan chains. 
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A summary of the glycan structure, and other aspects of velaglucerase alfa for 
injection, is provided in Brumshtein et al. (2010) Glycobiology 20(l):24-32 as 
Attachment F. See, e.g., Table III, therein. 



As is discussed below, claims 1-4, 12-18, 23, 26-38, 48-54, and 57-61 of U.S. 
Patent No. 7,138,262 Bl read on the method of manufacturing the approved product. 
The claims are set out in the left hand column of the table immediately below. The 
method of manufacturing the approved product is described in the right hand column and 
compared with the claim. As is shown, the approved product meets all of the limitations 
of each of claims 1-4, 12-1 8 5 23 , 26-38 7 48-54, and 57-61 and claims 1-4, 12-18, 23, 26- 
38, 48-54, and 57-61 cover the method of manufacturing the approved product, 



VPRIV 



TM 



VPRIV™ includes at least two 
glucocerebrosidase (GCB) proteins that 
have at least one carbohydrate chain having 
four or more mannose residues. See, e.g., 
page 24, column 1 of Attachment F, "the 
predominant glycan on velaglucerase alfa 
is a high mannose type, with nine mannose 
residues". See also Table HI and Figures 7 
and 8 of Attachment F. See also the 
description of the approved product and the 
method of manufacturing the same in this 
section (9)(iii). 

VPRIV is produced in a human cell line 
that expresses human glucocerebrosidase 
See page 24, column 2 of Attachment F: 
"we have used gene activation in a well 
characterized, continuous human cell line 
to produce gene activated human acid-0- 
glucocerebrosidase (velaglucerase alfa)." 
See also the description of the approved 
product and the method of manufacturing 



1 . A method of producing a preparation of 
high mannose glucocerebrosidase 
(hmGCB) comprising a carbohydrate chain 
having at least four mannose residues, 



comprising: providing a mammalian 
cell that expresses a human 
glucocerebrosidase (GCB); 



1019686 



In re U.S. Patent No.: 7,138,262 Bl Attorney Docket No.: S2071-701019/0013US 

Issued: November 21, 2006 
Inventors: Peter Francis Daniel 
Assignee: Shire Human Genetic Therapies, 
Inc. 

Title: HIGH MANNOSE PROTEINS AND METHODS OF MAKING HIGH 
MANNOSE PROTEINS 



the same in this section (9)(iii). 



contacting the cell with kifunensine; 
allowing the cell to produce hmGCB; 



and 



harvesting the hmGCB from the cell 
or its culture media, to thereby produce an 
hmGCB preparation. 



The human cell line expressing VPRIV™ 
is contacted with kifunensine and the cells 
secrete VPRIV. See page 24, column 2 of 
Attachment F, "glycosylation of 
velaglucerase alfa is altered by using 
kifunensine ... during cell culture, which 
results in the secretion of a protein 
containing predominantly high-mannose 
type glycans" See also the description of 
the approved product and the method of 
manufacturing the same in this section 
(9)(iii). 



VPRIV™ is harvested from the cell culture 
to produce a preparation with at least two 
glucocerebrosidase proteins having at least 
one carbohydrate chain having four or 
more mannose residues. See also the 
description of the approved product and the 
method of manufacturing the same in this 
section (9)(iii). 



Therefore, the method of making VPRIV 
meets all of the limitations of claim 1 and 
the claim covers the method of 
manufacturing the approved product. 



TM 



2. The method of claim 1, wherein removal 
of one or more al ,2 mannose residue(s) 
distal to the pentasaccharide core is 
prevented. 



As discussed above for claim 1, the method 
of making the approved product meets all 
of the limitations of the base claim. 

VPRIV™ includes at least 2 GCB proteins 
that have one or more mannose residue 
distal to the pentasaccharide core present. 
See the description of the approved product 
and the method of manufacturing the same 
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in this section (9)(iii). 

Therefore, the method of making VPRIV 
meets all of the limitations of claim 2 and 
the claim covers the method of 
manufacturing the approved product. 






3. The method of claim 1 , wherein the 
kifunensine is present at a concentration 
between about 0,05 to 20.0 ng/ml. 


As discussed above for claim 1, the method 
of making the approved product meets all 
of the limitations of the base claim. 

Kifunensine is present at a concentration 

/ 11 1 1 U / (III III III » III r^i l if ll l iimk iiiii ! ! ! 

f-O 1 ~ "-~»"~~ wlv 

approved product. See the description of 
the approved product and the method of 
manufacturing the same in this section 
(9)(iii). 

Therefore, the.method of making VPRIV™ 
meets all of the limitations of claim 3 and 
the claim covers the method of 
manufacturing the approved product. 







4. The method of claim 3, wherein the 
kifunensine is present at a concentration 
between about 0.1 to 2.0 fxg/ml. 


As discussed above for claims 1 and 3, the 
method of making the approved product 
meets all of the limitations of the base 
claims. 

Kifunensine is present at a concentration of 
2.0 jig/ml in the method of making the 
approved product. See the description of 
the approved product and the method of 
manufacturing the same in this section 
(9)(iii). 

Therefore, the method of making VPRIV™ 
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meets all of the limitations of claim 4 and 
the claim covers the method of making the 
approved product. 







1 2. The method of claim 1 , wherein the 
removal of one or more mannose residues 
distal to the pentasaccharide core is 
prevented on at least two carbohydrate 
ctiains or nmUCb. 


As discussed above for claim 1 , the method 
of making the approved product meets all 
of the limitations of the base claim. 

Kirunensine is an innibitor ot endoplasmic 
reticulum mannosidase I and Golgi 
mannosidase I enzymes (see column 23, 
lines 48-51 of the '262 patent) that prevents 
the removal of one or more mannose 
residues distal to the pentasaccharide core, 
(see, e.g., Fig. 7 of Attachment F which 
shows the predominant glycan structure 
present on the GCB in VPRIV™). See 
also the description of the approved 
product and the method of manufacturing 
the same in this section (9)(iii). 

Therefore, the method of making VPRIV 
meets all of the limitations of claim 12 and 
the claim covers the method of 
manufacturing the approved product. 







13. The method of claim 1 , wherein at least 
60% of the hmGCB of the preparation have 
one or more carbohydrate chains in which 
the removal of one or more mannose 
residues distal to the pentasaccharide core 
has heen prevented. 


As discussed above for claim 1, the method 
of making the approved product meets all 
of the limitations of the base claim. 

At least 60% of the hmGCB of the 
preparation have one or more carbohydrate 
chains in which the removal of one or more 
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See the description of the approved product 
and the method of manufacturing the same 
in this section (9)(iii). 

Therefore, the method of making VPRIV™ 
meets all of the limitations of claim 13 and 
the claim covers the method of 
manufacturing the approved product. 






14. The method of claim 13. wherein the 
removal of three or more mannose residues 
distal to the pentasaccharide core has been 
prevented. 


As discussed above for claims 1 and 13, the 
method of making the approved product 
meets all of the limitations of the base 
claims. 

1 11C ICIIlUVal Ul UHCC UI II1UIC IlldJlIlU^C 

residues distal to the pentasaccharide core 
has been prevented. See the description of 
the approved product and the method of 
manufacturing the same in this section 
(9)(iii). 

Therefore, the method of making VPRIV™ 
meets all of the limitations of claim 14 and 
the claim covers the method of 
manufacturing the approved product. 







15. The method of claim 1, wherein at least 
about 20% of the hmGCB of the 
preparation have one or more carbohydrate 
chains having at least eight mannose 
residues. 


As discussed above for claim 1, the method 
of making the approved product meets all 
of the limitations of the base claim. 

At least about 20% of the hmGCB of the 
preparation have one or more carbohydrate 
chains having at least eight mannose 
residues. See the description of the 
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approved product and the method of 
manufacturing the same in this section 
<9)(iii). 

Therefore, the method of making VPRIV™ 
meets all of the limitations of claim 15 and 
the claim covers the method of 
manufacturing the approved product. 






16. The method of claim 15, wherein at 
least about 40% of the hmGCB of the 
preparation have one or more carbohydrate 
chains having at least eight mannose 
residues. 


As discussed above for claims 1 and 15, the 
method of making the approved product 
meets all of the limitations of the base 
claim. 

At least about 40% of the hmGCB of the 

chains having at least eight mannose 
residues. See the description of the 
approved product and the method of 
manufacturing the same in this section 
(9)(iii). 

Therefore, the method of making VPRIV™ 
meets all of the limitations of claim 16 and 
the claim covers the method of 
manufacturing the approved product. 
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17. The method of claim 16, wherein at 
least about 60% of the hmGCB of the 
preparation have one or more carbohydrate 
chains having at least eight mannose 
residues. 


As discussed above for claims 1,15 and 
16, the method of making the approved 
product meets all of the limitations of the 
base claims. 

At Ipjict jihrmt fkCi% nf tVip limfjrR nf the 
r\l ICdol dUUUl UU /O \Jl II1C lllilVJV^O \Jl lilt 

r*rf*na ration Viavp onp nr mnrp cfirhohvdratp 

chains having at least eight mannose 
residues. See the description of the 
approved product and the method of 
manufacturing the same in this section 
(9)(iii). 

Therefore, the method of making VPRIV 
meets all of the limitations of claim 1 7 and 
the claim covers the method of 
manufacturing the approved product. 






18. The method of claim 1, wherein at least 
about 80% or more of the carbohydrate 
chains of the hmGCB preparation have six 
or more mannose residues. 


As discussed above for claim 1, the method 
of making the approved product meets all 
of the limitations of the base claim. 

At least about 80% or more of the 
carbohydrate chains of the hmGCB 
preparation have six or more mannose 
residues. See the description of the 
approved product and the method of 
manufacturing the same in this section 
(9)(iii). 

Therefore, the method of making VPRIV™ 
meets all of the limitations of claim 1 8 and 
the claim covers the method of 
manufacturing the approved product. 
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23. The method of claim 1, wherein the cell 
comprises an exogenous regulatory 
sequence which functions to regulate 
expression of an endogenous GCB coding 
sequence. 



As discussed above for claim 1 , the method 
of making the approved product meets all 
of the limitations of the base claim. 

VPRIV™ is produced by a human cell line 
that comprises an exogenous promoter 
sequence to regulate expression of an 
endogenous GCB coding sequence, (see, 
e.g., page 24, column 2 of Attachment F- 
"we have used gene activation in a well- 
characterized, continuous human cell line 
to produce gene activated human acid-P- 
glucocerebrosidase (velaglucerase alfa). 
Gene activation refers to targeted 
recombination with a promoter that 
activates the endogenous GlcCerase gene 
in the selected human cell line." See also 
the description of the approved product and 
the method of manufacturing the same in 
this section (9)(iii). 

Therefore, the method of making VPRIV 
meets all of the limitations of claim 23 and 
the claim covers the method of 
manufacturing the approved product. 







26. The method of claim 1, wherein the cell 
is a human cell. 


As discussed above for claim 1, the method 
of making the approved product meets all 
of the limitations of the base claim. 

VPRIV™ is produced by a human cell line. 
See page 24, column 2 of Attachment F - 
"we have used gene activation in a well 
characterized, continuous human cell line 
to produce gene activated human acid-P- 
glucocerebrosidase (velaglucerase alfa)." 
See also the description of the approved 
product and the method of manufacturing 
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the same in this section (9)(iii). 

Therefore, the method of making VPRIV™ 
meets all of the limitations of claim 26 and 
the claim covers the method of 
manufacturing the approved product. 






27. The method of claim 26, wherein the 
cell is a fibroblast or a myoblast. 


As discussed above for claims 1 and 26, the 
method of making the approved product 
meets all of the limitations of the base 
claims. 

VPRIV™ is produced by HT-1080 cells 
which are fibroblasts. See the description 
of the approved product and the method of 
manufacturing the same in this section 
(9)(iii). 

Therefore, the method of making VPRIV™ 
meets all of the limitations of claim 27 and 
the claim covers the method of 
manufacturing the approved product. 







28. The method of claim 26, wherein the 
cell is an immortalized cell. 


As discussed above for claims 1 , 26 and 
27, the method of making the approved 
product meets all of the limitations of the 
base claims. 

VPRIV™ is produced by an immortalized 
cell. See also the description of the 
approved product and the method of 
manufacturing the same in this section 
(9)(iii). 

Therefore, the method of making VPRIV™ 
meets all of the limitations of claim 28 and 
the claim covers the method of making the 
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approved product. 






29. The method of claim 27, wherein the 
cell is an HT-1080 cell. 


As discussed above for claims 1, 26, 27 
and 28, the method of making the approved 
product meets all of the limitations of the 
base claims. 

VPRIV™ is produced by HT-1080 cells. 
See the description of the approved product 
and the method of manufacturing the same 
in this section (9)(iii). 

Therefore, the method of making VPRIV 
meets all of the limitations of claim 29 and 
the claim covers the method of 
manufacturing the approved product. 






30. The method of claim 1, wherein the cell 
is contacted with kifunensine in culture 
media. 


As discussed above for claim 1, the method 
of making the approved product meets all 
of the limitations of the base claim. 

VPRIV™ is produced by contacting the 
cells expressing hGCB with kifunensine in 
cell culture. See page 24, column 2 of 
Attachment F, "glycosylation of 
velaglucerase alfa is altered by using 
kifunensine ... during cell culture, which 
results in the secretion of a protein 
containing predominantly high-mannose 
type glycans." See also the description of 
the approved product and the method of 
manufacturing the same in this section 
(9)(iii). 

Therefore, the method of making VPRIV™ 
meets all of the limitations of claim 30 and 
the claim covers the method of 
manufacturing the approved product. 
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31. The method of claim 30, wherein the 
hmGCB is obtained from the media in 
which the cell is cultured. 


As discussed above for claims 1 and 30, the 
method of making the approved product 
meets all of the limitations of the base 
claims. 

VPRTV^ M i<; nhtainprl frnm tVif* m<*Hia in 

V I Ivl V lo UUl&lllCU llUlli IIIC HlCllld 111 

which the human cell line is cultured. See 
the description of the approved product and 
the method of manufacturing the same in 
this section (9)(iii). 

Therefore, the method of making VPRIV™ 
meets all of the limitations of claim 3 1 and 
the claim covers the method of 
manufacturing the approved product. 



1019686 
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32. A method of producing a preparation of 
high mannose glucocerebrosidase 
(hmGCB) comprising a carbohydrate chain 
having at least four mannose residues, the 
method comprising: 



providing a human cell into which a 
nucleic acid sequence comprising an 
exogenous regulatory sequence has been 
introduced such that the regulatory 
sequence is operably linked to, and 
regulates the expression of, an endogenous 
GCB coding region; 



contacting the cell with a class 1 
mannosidase inhibitor such that the 
removal of at least one mannose residue 
distal to the pentasaccharide core of a 
precursor oligosaccharide of GCB is 
prevented; and allowing the cell to produce 
hmGCB, to thereby produce an hmGCB 
preparation. 



VPRIV IM includes at least two 
glucocerebrosidase (GCB) proteins having 
at least one carbohydrate chain having four 
or more mannose residues. See, e.g., page 
24, column 1 of Attachment F, "the 
predominant glycan on velaglucerase alfa 
is a high mannose type, with nine mannose 
residues''. See also Table III and Figures 7 
and 8 of Attachment F. See also the 
description of the approved product and the 
method of manufacturing the same in this 
section (9)(iii). 



VPRIV™ is produced by a human cell that 
includes an exogenous promoter sequence 
to regulate expression of an endogenous 
GCB coding sequence, (see, e.g., page 24, 
column 2 of Attachment F-"we have used 
gene activation in a well-characterized, 
continuous human cell line to produce gene 
activated human acid-P-glucocerebrosidase 
(velaglucerase alfa). Gene activation refers 
to targeted recombination with a promoter 
that activates the endogenous GlcCerase 
gene in the selected human cell line." See 
also the description of the approved 
product and the method of manufacturing 
the same in this section (9)(iii). 



VPRIV™ is produced by contacting the 
cells expressing hGCB with kifiinensine, 
which is a class 1 mannosidase inhibitor, in 
cell culture. See page 24, column 2 of 
Attachment F, "glycosylation of 
velaglucerase alfa is altered by using 
kifunensine ... during cell culture, which 
results in the secretion of a protein 
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containing predominantly high-mannose 
type glycans ? \ VPRIV™ includes at least 
2 GCB proteins having at least one 
carbohydrate chain with at least one 
mannose residue distal to the 
pentasaccharide core, e.g., the GCB 

nrotein^ hfive four or morp mflnnrwe 
residues See e p Table ITT of Attachment 
F. See also the description of the approved 
product and the method of manufacturing 
the same in this section (9)(iii). 

Therefore, the method of making VPRIV™ 
meets all of the limitations of claim 32 and 
the claim covers the method of 
manufacturing the approved product. 






33. The method of claim 32, wherein the 
mannosidase inhibitor prevents the removal 
of one or more a 1,2 mannose residue(s) 
distal to the pentasaccharide core. 


As discussed above for claim 32, the 
method of making the approved product 
meets all of the limitations of the base 
claim. 

The mannosidase inhibitor prevents the 
removal of one or more a 1,2 mannose 
residue(s) distal to the pentasaccharide 
core. See the description of the approved 
product and the method of manufacturing 
the same in this section (9)(iii). 

Therefore, the method of making VPRIV™ 
meets all of the limitations of claim 33 and 
the claim covers the method of 
manufacturing the approved product. 







34. The method of claim 32, wherein the 
mannosidase inhibitor further prevents the 


As discussed above for claim 32, the 
method of making the approved product 
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removal of one a 1,3 mannose residue distal 
to the pentasaccharide core. 


meets all of the limitations of the base 
claim. 

The mannosidase inhibitor further prevents 

tnp rpnnr»\/ii 1 Anp n 1 \ munnrtop rpci/iup 
11 1C ldllvFVal Ul VJIiC U1,J lllalillUoC IColUUC 

Hiatal tn thp npnt?iQj^f*r*Vi5iriHf i pnrp Qpp tVip 

description of the approved product and the 
method of manufacturing the same in this 
section (9)(iii). 

Therefore, the method of making VPRIV™ 
meets all of the limitations of claim 34 and 
the claim covers the method of 

manufacturing the approved product. 






35. The method of claim 32, wherein the 
mannosidase inhibitor further prevents the 
removal of one a 1,6 mannose residue distal 
to the pentasaccharide core. 


As discussed above for claim 32, the 
method of making the approved product 
meets all of the limitations of the base 
claim. 

The mannosidase inhibitor further prevents 

thp rpmnv^l n"f rmp ci 1 f\ m^nnncp rPQiHup 

lilt IdllvJVal Ul VJllt/ U1,U lllallilUov^ 1CMUUC 

Hiatal tn thp npn t;i^?ippVi a ri Hp pnrp Spp thp 

description of the approved product and the 
method of manufacturing the same in this 
section (9)(iii). 

Therefore, the method of making VPRIV™ 
meets all of the limitations of claim 35 and 
the claim covers the method of 
manufacturing the approved product. 






36. The method of claim 32, wherein the 
class 1 processing mannosidase inhibitor is 
kifunensine. 


As discussed above for claim 32, the 
method of making the approved product 
meets all of the limitations of the base 
claim. 
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VPRIV™ is produced by contacting the 
cells expressing hGCB with kifiinensine in 
cell culture. See page 24, column 2 of 
Attachment F, "glycosylation of 
velaglucerase alfa is altered by using 
kifiinensine . .: during cell culture, which 
results in the secretion of a protein 

pnnt^mincF nrpHnminflntlv hi oVi-tnfinno^f* 
tvne fflvcan*?" See also the description of 
the approved product and the method of 
manufacturing the same in this section 
(9)(iii). 

Therefore, the method of making VPRIV™ 
meets all of the limitations of claim 36 and 
the claim covers the method of 
manufacturing the approved product. 






37. The method of claim 36, wherein the 
kifiinensine is present at a concentration 
between about 0.05 to 20.0 iig/ml. 


As discussed above for claims 32 and 36, 
the method of making the approved 
product meets all of the limitations of the 
base claims. 

Kifiinensine is present at a concentration 
2.0 |ig/ml in the method of making the 
approved product. See the description of 
the approved product and the method of 
manufacturing the same in this section 
(9)(iii). 

Therefore, the method of making VPRIV™ 
meets all of the limitations of claim 37 and 
the claim covers the method of 
manufacturing the approved product. 
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38. The method of claim 37, wherein the 
kifunensine is present at a concentration 
between about 0.1 to 2.0 jig/ml 


As discussed above for claims 32, 36 and 
37, the method of making the approved 
product meets all of the limitations of the 
base claims. 

Kifunensine is present at a concentration 
2.0 jag/ml in the method of making the 
approved product. See the description of 
the approved product and the method of 
manufacturing the same in this section 
(9)(iii). 

Therefore, the method of makine VPRIV™ 

meets all of the limitations of claim 38 and 
the claim covers the method of 
manufacturing the approved product. 







48. The method of claim 32, wherein the 
mannosidase inhibitor prevents removal of 
at least three mannose residues distal to the 
pentasaccharide core of the precursor 
oligosaccharide of GCB. 


As discussed above for claim 32, the 
method of making the approved product 
meets all of the limitations of the base 
claim. 

Kifunensine is an inhibitor of endoplasmic 
reticulum mannosidase I and Golgi 
mannosidase I enzymes (see column 23, 
lines 48-51 of the '262 patent) that prevents 
the removal of three or more mannose 
residues distal to the pentasaccharide core, 
(see, e.g., Fig. 7 of Attachment F which 
shows the predominant glycan structure 
present on the GCB in VPRIV™). See 
also the description of the approved 
product and the method of manufacturing 
the same in this section (9)(iii). 
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Therefore, the method of making VPRIV™ 
meets all of the limitations of claim 48 and 
the claim covers the method of 
manufacturing the approved product. 






49. The method of claim 32, wherein the 
mannosidase inhibitor prevents removal of 
one or more mannose residues distal to the 
pentasaccharide core on at least two of the 
carbohydrate chains of hmGCB. 


As discussed above for claim 32, the 
method of making the approved product 
meets all of the limitations of the base 
claim. 

Kifunensine is an inhibitor of endoplasmic 
reticulum mannosidase I and Golgi 
mannosidase I enzymes (see column 23, 
lines 48-51 of the '262 patent) that prevents 
the removal of one or more mannose 
residues distal to the pentasaccharide core. 
( see e p Fit? 7 of Attachment F which 
shows the predominant glycan structure 
present on the GCB in VPRIV™) See 
also the description of the approved 
product and the method of manufacturing 
the same in this section (9)(iii). 

Therefore, the method of making VPRIV™ 
meets all of the limitations of claim 49 and 
the claim covers the method of 
manufacturing the approved product. 






50. The method of claim 32, wherein at 
least 60% of the hmGCB of the preparation 
have one or more carbohydrate chains in 
which the removal of three or more 
mannose residues distal to the 
pentasaccharide core has been prevented. 


As discussed above for claim 32, the 
method of making the approved product 
meets all of the limitations of the base 
claim. 

At least 60% of the hmGCB of the 
preparation have one or more carbohydrate 
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chains in which the removal of three or 
more mannose residues distal to the 
pentasaccharide core has been prevented. 
See the description of the approved product 
and the method of manufacturing the same 
in this section (9)(iii). 



Therefore, the method of making VPRIV IM 
meets all of the limitations of claim 50 and 
the claim covers the method of 
manufacturing the approved product. 

i 







5 1 . The method of claim 32, wherein at 
least 20% of the hmGCB of the preparation 
have one or more carbohydrate chains 
having at least eight mannose residues. 


As discussed above for claim 32, the 
method of making the approved product 
meets all of the limitations of the base 
claim. 

At least 20% of the hmGCB of the 
preparation have one or more carbohydrate 
chains having at least eight mannose 
residues. See the description of the 
approved product and the method of 
manufacturing the same in this section 
(9)(iii). 

Therefore, the method of making VPRIV™ 
meets all of the limitations of claim 51 and 
the claim covers the method of 
manufacturing the approved product. 






52. The method of claim 51, wherein at 
least 40% of the hmGCB of the preparation 
have one or more carbohydrate chains 
having at least eight mannose residues. 


As discussed above for claims 32 and 51, 
the method of making the approved 
product meets all of the limitations of the 
base claims. 
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At least 40% of the hmGCB of the 
preparation have one or more carbohydrate 
chains having at least eight mannose 
residues. See the description of the 
approved product and the method of 
manufacturing the same in this section 
(9)(iii). 

Therefore, the method of making VPRIV™ 
meets all of the limitations of claim 52 and 
the claim covers the method of 
manufacturing the approved product. 







53. The method of claim 52, wherein at 
least 60% of the hmGCB of the preparation 
have one or more carbohydrate chains 
having at least eight mannose residues. 


As discussed above for claims 32, 51 and 
52, the method of making the approved 
product meets all of the limitations of the 
base claims. 

At least 60% of the hmGCB of the 
preparation have one or more carbohydrate 
chains having at least eight mannose 
residues. See the description of the 
approved product and the method of 
manufacturing the same in this section 
(9)(iii). 

Therefore, the method of making VPRIV™ 
meets all of the limitations of claim 53 and 
the claim covers the method of 
manufacturing the approved product. 






54. The method of claim 32, wherein at 
least about 80% or more of the 
carbohydrate chains of the hmGCB 
preparation have six or more mannose 
residues. 


As discussed above for claim 32, the 
method of making the approved product 
meets all of the limitations of the base 
claim. 

At least about 80% or more of the 
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carbohydrate chains of the hmGCB 
preparation have six or more mannose 
residues. See the description of the 
approved product and the method of 
manufacturing the same in this section 
(9)(iii). 

Therefore, the method of making VPRIV 
meets all of the limitations of claim 54 and 
the claim covers the method of 
manufacturing the approved product. 







57. The method of claim 32, wherein the 
cell is a fibroblast or a myoblast. 


As discussed above for claim 32, the 
method of making the approved product 
meets all of the limitations of the base 
claim 

VPRIV™ is produced by an HT-1080 cell 
line, which is a fibroblast. See the 
description of the approved product and the 
method of manufacturing the same in this 
section (9)(iii). 

Therefore, the method of making VPRIV 
meets all of the limitations of claim 57 and 
the claim covers the method of 
manufacturing the approved product. 






58. The method of claim 32, wherein the 
cell is an immortalized cell. 


As discussed above for claim 32, the 
method of making the approved product 
meets all of the limitations of the base 
claim. 

VPRIV™ is produced by an immortalized 
cell. See the description of the approved 
product and the method of manufacturing 
the same in this section (9)(iii). 
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Therefore, the method of making VPRIV 1 * 
meets all of the limitations of claim 58 and 
the claim covers the method of making the 
approved product. 







59. The method of claim 58, wherein the 
cell is an HT-1080 cell. 


As discussed above for claims 32 and 58, 
the method of making the approved 
product meets all of the limitations of the 
base claims. 

VPRTV™ is produced by an HT-1080 cell 
line. See the description of the approved 
product and the method of manufacturing 
the same in this section (9)(iii). 

Therefore, the method of making VPRIV 
meets all of the limitations of claim 59 and 
the claim covers the method of 
manufacturing the approved product. 
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60. The method of claim 36, wherein the 
cell is contacted with kifunensine in culture 
media. 


As discussed above for claims 32 and 36, 
the method of making the approved 
product meets all of the limitations of the 
base claims. 

VPRIV is produced by contacting the 
cells expressing hGCB with kifunensine in 
cell culture. See page 24, column 2 of 
Attachment F, "glycosylation of 
velaglucerase alfa is altered by using 
KiiuiiciiMiic ... uuriiig ecu cunuic, which 

1 CoUlld ill llIC ac^iciiui 1 l_M o. Y~ - - - - - - - 

containing predominantly high-mannose 
type glycans" See also the description of 
the approved product and the method of 
manufacturing the same in this section 
(9)(iii). 

Therefore, the method of making VPRIV™ 
meets all of the limitations of claim 60 and 
the claim covers the method of 
manufacturing the approved product. 






61 . The method of claim 60, wherein the 
hmGCB is obtained from the media in 
which the cell is cultured. 


As discussed above for claims 32, 36, and 
60 the method of makine the annroved 
product meets all of the limitations of the 
base claims. 

VPRIV™ is obtained from the media that 
the cell line is cultured. See the description 
of the approved product and the method of 
manufacturing the same in this section 
(9)(iii). 

Therefore, the method of making VPRIV™ 
meets all of the limitations of claim 61 and 
the claim covers the method of 
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manufacturing the approved product. 
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(10) Relevant Dates Under 35 U.S.C. § 156 for Determination of 
Applicable Regulatory Review Period [1.740(a)(10)] 

The relevant dates and information pursuant to 35 U.S.C. § 156(g) to enable the 
Secretary of Health and Human Services to determine the applicable regulatory review 
period are as follows: 

Patent Issue Date: 

U.S. Patent No. 7,138,262 Bl issued on November 21, 2006. 

(i)(A) IND Effective Date and IND number [35 U.S.G §156(g)(l)(B)(i); 37 
CRR. §1. 740(a)(10)(i)(A)] 

The effective date of IND 61,220 was May 20, 2004. 

An IND was by submitted by Transkaryotic Therapies, Inc. to FDA and received 
by FDA on December 3 1 , 2003. It was assigned number IND 6 1 ,220. A copy of the 
letter from FDA to Transkaryotic Therapies, Inc., dated January 12, 2004, providing the 
IND number and showing the date of receipt by FDA of the IND is provided in 
Attachment G. On January 28, 2004, FDA notified Transkaryotic Therapies, Inc. that a 
modification to the protocol was necessary. A written record of the discussion is 
provided in Attachment Gl. Transkaryotic Therapies, Inc submitted an amendment to 
the protocol on March 1 1, 2004, see letter from Transkaryotic Therapies, Inc. to FDA, 
dated March 11, 2004, concerning amendment of protocol, provided in Attachment G2. 
On May 20, 2004, FDA notified Transkaryotic Therapies, Inc. that it could proceed, see 
FDA communication to Transkaryotic Therapies, Inc. dated May 20, 2004, concerning 
amendment to protocol, a copy of which is provided in Attachment G3. 

On November 20, 2006, FDA notified Shire Human Genetics Therapies, Inc. that 

IND 61,220 was on clinical hold. A copy of the letter from the FDA to Shire Human 

Genetics Therapies, Inc. showing the date the FDA notified Shire Human Genetics 
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Therapies, Inc. of the clinical hold is provided as Attachment H. The FDA removed the 
clinical hold on December 21 , 2006. A copy of the letter dated December 21 , 2006 from 
the FDA to Shire Human Genetics Therapies, Inc. indicating that the hold had been 
removed and the protocol could be initiated is provided as Attachment I. 

Thus, as set out above, the date that an exemption under §505(i) of the Federal 
Food, Drug and Cosmetic Act became effective (i.e., the date that an investigational new 
drug application (IND) became effective for VPRIV™) was May 20, 2004. 

(i)(B) NDA Submission Date {35 US.C §156(g)(I)(B)(i); 37C.F.R. 
§L 740(a)(10)(i)(B)] The NDA was submitted on a rolling basis. The initial portion of 
the NDA was submitted by Shire Human Genetic Therapies, Inc. to the FDA on July 30, 
2009. The final portion was submitted on August 3 1 , 2009. This date is used in the 
calculations provided herein. The NDA was assigned number NDA 22575. A copy of a 
letter from FDA to Shire Human Genetic Therapies, Inc., dated September 14, 2009, 
acknowledging receipt of the final submission of the NDA application is provided as 
Attachment J. 

(i)(C) NDA Approval Date [35 U.S.C. §156(g)(l)(B)(ii); 37 C.F.R. 
§L740(a)(10)(i)(Q] 

The FDA approved NDA 22575 authorizing the marketing of VPRIV™ on 
February 26, 2010. VPRIV™ was approved under the Department of Health and Human 
Services (DHHS). A copy of the approval letter from FDA to Shire Human Genetic 
Therapies, Inc., dated February 26, 2009 is provided as Attachment C. 
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(11) Summary of Significant Events During Regulatory Review Period 
[1.740(a)(ll)] 

A brief description of the significant activities undertaken by the marketing 
applicant during the applicable regulatory review period with respect to VPRIV™ and 
the dates applicable to these significant activities are set forth in a chronology of events 
provided below. 



Date | IND or ND A | Other | Description 
| Serial No. (if ( Contact | 
1 applicable) 


06 April i Pre-IND Teleconference Request 
2001 


18 Nov. I Pre-IND Meeting 
2003 | 


30 Dec. 
2003 


; IND 61,220 Serial j 
000 

1 

i 


Submission of Original IND (including general 
information on Gaucher disease, nonclinical data, 
manufacturing info., and Phase I/II study - TKT025 New 
Protocol and IB). 


19 Jan. 
2004 




FDA letter 


FDA Correspondence: Acknowledgement of Receipt of 
IND and assignment of IND number 


28 Jan 
2004 


| TCR | FDA Medical Officer request protocol amendment as 
| Contact | discussed at the Pre-IND meeting. 
| Report 


28 Jan 
2004 


IND 61,220 Serial | 1 Response to email dated 13 Jan. 2004 containing questions 
001 ) | on clarification of age, inclusion criteria, and genotyping. 


1 1 Mar. 
2004 


IND 61,220 Serial | | Protocol Amendment: Amendment 2 of Clinical Protocol 
002 | I TKT025 


07 April 
2004 


IND 61,220 Serial I 
003 


Protocol Amendment: New Investigator for TKT025 and 
Blinding procedures used in TKT025. 


20 May 
2004 


) TCR 

! Contact 

i „ 

j Report 


FDA Medical Officer says it's safe to proceed with the 
blinding procedure as amended in Serial 003 dated 07 
April 2004 for Study TKT025. 


25 Aug. 
2004 


j FDA letter 

! 


Re: Completion of IND Preclinical Pharm/Tox review and 
comments/recommendations 


02 Nov. 
2004 


IND 61,220 Serial | | Protocol Amendment: TKT025 Protocol Amendment 4 
007 j and New Protocol TKT025EXT 


24 Nov. 
2004 


IND 61,220 Serial 
008 




Information Amendment: Comparability Protocol - 
comprehensive plan for evaluating changes to 
manufacturing process for drug substance (switch from 3x 
30L Bioreactor to 100 L Bioreactor). 


06 Apr. 


IND 61,220 Serial 




Information Amendment: Pharm/Tox: Final Study 
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Date 


! IND or NDA 
Serial No^if 
applicable) 


Other 
Contact 


Description 


2005 


! 017 




Reports: Rat & Monkey 6-Month tox studies. 


04 Nov. 
2005 


IND 61,220 Serial 
023 




Type B Meeting (End of Phase II) Request 


12 Dec. 
2005 


IND 61,220 Serial j 
024 


End of Phase II Briefing Document 


09 Jan. | 
2006 ! 


FDA Fax 


FDA responses to EOP II Meeting questions 


11 Jan. 
2006 




End of Phase II Meeting 


07 Feb. 
2006 


FDA letter 


Official FDA Minutes from EOPII meeting 1 1 Jan. 2006 


30 Mar. 
2006 


IND 61,220 Serial 
029 


| Information Amendment: CMC: Manufacturing process 
j modifications: switch from 3x 30L to 500 L scale up (AFl 
| process). 


12 April 
2006 


IND 61,220 Serial 
030 




Information Amendment: Pharm/Tox: supportive 
information to justify Nonclinical Development 
Program and request for teleconference 


02 May 
2006 


IND 61,220 Serial 
031 




Type A Meeting Request to discuss adequacy of 
nonclinical development program to initiate P3 studies and 
support a NDA. 


18 May 
2006 


IND 61,220 Serial 
032 




Type C Meeting on 16 June 2006: Pharm/Tox Briefing 
Package 


1 5 June 
2006 




FDA Fax 


FDA Correspondence: 16 June 2006 teleconference not 
necessary, based on FDA'S initial responses to questions. 


23 June 
2006 




FDA letter 


FDA Correspondence: Comments and request for 
additional information, re: amendment dated 1 2 April 
2006, IND Serial 030. 


12 July 
2006 




FDA letter 


FDA Correspondence: Acknowledgement of Shire's 
decision to accept FDA's written responses in lieu of 
meeting. 


28 July 
2006 


IND 61,220 Serial I 
034 


Information Amendment: Pharm/Tox: Responses to FDA 
comments and requests to 23 June fax, rat and rabbit 
studies. 


03 Aug. 
2006 


IND 61,220 Serial 1 
035 


Information Amendment: CMC: Description and 
comparability data of AFl process material 


22 Sept. 
2006 


IND 61,220 Serial j 
037 ! 


Protocol Amendment: New Protocol, Phase 2/3 Clinical 
Protocol TKT032 


16 Nov. 
2006 


IND 61,220 Serial 
039 




Protocol Amendment: New Protocol, Phase 3 Clinical 
Protocol TKT034 


20 Nov. 
2006 | 


TCR 

Contact 

Report 


Teleconference: IND put on clinical hold over concerns 
about product comparability. 


28 Nov. 


FDA Fax 


FDA Correspondence: Full Clinical Hold Letter 
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Date 


IND or NDA | Other 
Serial No. (if 1 Contact 
applicable) 


Description ; ; v;.?- : • : . 


2006 






28 Nov. 
2006 


IND 61,220 
Serial 040 




Type A Meeting Request, response to Clinical Hold. 


29 Nov. 
2006 




TCR 

Contact 

Report 


Teleconference: response to FDA concerns relating to 
DS comparability resulting in Full Clinical Hold. 


30 Nov. 
2006 


IND 61,220 Serial 
041 


I Complete Response to Full Clinical Hold Letter relating to 
1 DS comparability. 


30 Nov. 
2006 


IND 61,220 Serial 
042 


1 Request for Partial Waiver of the Full Clinical Hold. 

I 


01 Dec. 
2006 




TCR 1 Teleconference: FDA agrees to move the Full Clinical 
Contact | Hold to a partial hold after reviewed Shire's response. 
Report 


07 Dec. 
2006 


1 FDA letter | FDA Correspondence: Partial Clinical Hold Letter 


12 Dec. 
2006 


IND 61,220 Serial 1 
043 


Response to Clinical/Statistical non-hold issues raised in 
full Clinical Hold Letter (Study TKT032) 


14 Dec. 
2006 


IND 61,220 Serial | 
044 


Protocol Amendment for Study TKT025EXT. 


21 Dec. 
2006 




FDA letter 


FDA Correspondence: Removal of Partial Clinical Hold 
Note: all clinical issues have been resolved. 


26 Feb. 
2007 


IND 61,220 Serial 
047 




Protocol Amendment: New Protocol HGT-GCB-039 and 
New Investigator for TKT032 


04 Sept. 
2007 


FDA letter 


FDA Correspondence: Request for Information-Study 
TKT034 


24 Sept. | IND 61,220 Serial 
2007 ! 055 




Response to FDA request for Information-Study TKT032 


10 Dec. 1 IND 61,220 Serial 
2007 1 057 


• 


Response to FDA Request for Information-Study TKT034 


11 Dec. ! IND 61.220 Serial 
2007 1 058 




Information Amendment: Comparability Protocol for drug 
substance cell culture scale-up (AF2) vs. API process 


19 Dec 
2007 


IND 61,220 Serial 
060 




Protocol Amendment: New Protocol HGT-GCB-044 
(Extension study for TKT032, TKT034 and HGT- 
GCB-039). 


03 Sept. 
2008 


IND 61,220 Serial | 
070 


Information Amendment: Description and comparability 
data of AF2 process material 


06 Oct. 
2008 


IND 61,220 Serial 1 
072 | 


Information Amendment: Description and comparability 
data of 200 U/vial presentation 


30 April 
2009 






Request for Orphan Drug Designation to FDA OOPD 


08 June | IND 61,220 Serial | 
2009 1 081 I 


Type B Meeting Request: Pre-NDA Meeting 


08 June | FDA 
2009 1 ! OOPD 


FDA OOPD Correspondence: Orphan Drug Designation 
Granted, US ODD #09-2835 
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IND or NDA ■ | . Other [\. -wl Description - . - : v 
Serial No; {if | Contact j • ■ : *- : ~7. ,.; . 

applicable) ; ; .'1 . ] .a'":- v'v ' ■):>* . ',:^ r '\': : 




1 letter 


30 June 
2009 


IND 61 ,220 Serial 1 I Submission of Treatment Protocol HGT-GCB-058 

082 | 


30 June 
2009 


IND 61,220 Serial 
083 


| Request for Fast Track Designation 


01 July 
2009 




FDA letter j FDA Correspondence: Type B Pre-NDA meeting 
I Granted on 10 August, 2009 


2009 


| FDA letter 


! FDA Correspondence: Acknowledgement of Fast Track 
designation Request 


15 Ink 

2009 


| FDA letter 


FDA Correspondence: Fast Track Designation Granted 


23 July 


| TCR 
1 Contact 
| Report 


Plans for rolling NDA for velaglucerase alfa 


71 Tulv 

£- f JUly 

2009 


IND 61,220 
Serial 088 


Request for Submission of Portions of an NDA 
Application 


29 Julv 
2009 


| WHO 

| Collaborate 

| g Centre for 

| Statistics 
j Methodology 


ATC application for velaglucerase alfa (Ref: 09/1527- 
2/EPLI/TUGR). 

ATC Proposed Code: A16AB10 velaglucerase alfa. 


30 July 
2009 




FDA letter 


FDA Correspondence: Acknowledgement to Proceed 
with Treatment Protocol HGT-GCB-058 


30 July 
2009 


NDA 022575, 
Sequence 0000 


Submission of 1 st wave Rolling NDA, including M3 
(complete), M4 (complete), M5 (partial). 
And request for Priority Review of NDA 


08 Aug. 
2009 


j FDA Fax 


FDA Correspondence: FDA preliminary response for Pre- 
NDA Meeting Briefing Package 


10 Aug. 
2009 






Pre-NDA Meeting 


31 Aug. 
2009 


NDA 022575, 
Sequence 0001 




Submission of 2 nd wave of Rolling NDA, including Ml, 
M2 (complete), M3 (update), M5 (complete). 


14 Sept. 
2009 


j FDA 

j email, fax, 

I letter 


FDA Correspondence: FDA Acknowledgement Letter of 
NDA Submission 


22 Sept. 
2009 


NDA 022575, 
Sequence 0003 




Request for Proprietary Name Review 


01 Oct. 
2009 


NDA 022575, 
Sequence 0005 




Trade Name Request -Labeling Supplement 


30 Oct. 
2009 




FDA letter 


FDA Correspondence: Filing Communication — Priority 
Review Granted, and a list of review questions 
included. 


03 Nov. 
2009 


NDA 022575, 
Sequence 001 1 




Location of data to support Orphan Drug Designation 


19 Nov. 




FDA Fax 


Request Clinical Information 
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Date 


IND or NBA 
S^iaIN<).(iJ 
applicable) 


Other j Description 
Contact ! . 


2009 




i 


20 Nov. 
2009 




FDA 

Email 

String 


| FDA Inspection Announcement Letters - 2 sites 
j Inspections (Dec 6-10, 14-18, 2009) 


20 Nov. 
2009 


NDA 022575, 
Sequence 0012 


j Partial Response to Request for Information: FDA 
j Questions dated 30 Oct. 2009 


01 Dec. 
2009 


NDA 022575 
Sequence 0013 


| 3 Month Safety Update 

i 


04 Dec. 
2009 




Email | FDA BIMO Visit to Shire HGT LTP Site (Dec 08, 
String | 2009) 


04 Dec. 
2009 


NDA 022575, 
Sequence 0014 


| Complete Response to Request for Information: FDA 
| Questions dated 30 Oct. 2009 and 19 Nov. 2009 


1 1 Dec. 
2009 




FDA Fax \ Request CMC, Clinical Information 


16 Dec. 
2009 




FDA letter | Proprietary name request : Conditional acceptance 


18 Dec. 
2009 


NDA 022575, 
Sequence 0016 


1 Response to Request for Information: FDA letter dated 1 1 
I Dec. 2009 (CMC) 


22 Dec. 
2009 


NDA 022575, 
Sequence 0017 




Stability update (drug substance and drug product) 


31 Dec. 
2009 


NDA 022575, 
Sequence 0018 




Response to Request for Information: Quality and Efficacy 


13 Jan. 
2010 


NDA 022575, 
Sequence 0019 




Response to Request for Information: CMC Questions of 
23 Dec. 2009 and 07 Jan 2010 letters 


14 Jan. 
2010 


NDA 022575, 
Sequence 0020 




Response to to Request for Information: Clinical 
Questions of 23 Dec. 2009 Fax 


15 Jan. 
2010 


NDA 022575, 
Sequence 0021 




Response to telephone request of 15 Jan. 2010 - CMC 
information 


26 Jan. 
2010 


NDA 022575, 
Sequence 0022 




Response to Request for Information regarding 
inspections: Responses to FDA Form 483 in Paraguay, 
Israel, Shire HGT (300 PW) 


27 Jan. 
2010 


NDA 022575, 
Sequence 0023 




Response to 22 Jan. 2010 FDA Request for CMC 
Information 


29 Jan. 
2010 




FDA 
email & 
letter 


FDA comments on US PI 


01 Feb. 
2010 


NDA 022575, 
Sequence 0024 




Response to 27 Jan. 2010 FDA Request for Clinical 
Information 


08 Feb. 
2010 


NDA 022575, 
Sequence 0025 




Response to 03 Feb. 2010 FDA Fax Request for Clinical 
Information 


09 Feb. 
2010 


NDA 022575, 
Sequence 0026 




Response to FDA labeling question dated 29 Jan. 2010 


10 Feb. 
2010 




FDA 
email & 


FDA comments on labeling-carton labeling and 
container labels 
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Date 


IND or NDA 
Serial No. (if 
applicable) 


Other 
Contact 


Description 




j letter 


17 Feb. 
2010 




FDA 
email 


Response to FDA fax 10 Feb 2010 on labeling-carton 
label and vial labels 


17 Feb. ! NDA 022575, 
2010 | Sequence 0027 




Response to FDA labeling question dated 10 Feb. 2010 
(carton and container comments) 


18 Feb. 
2010 




FDA Fax 


FDA comments on labeling-carton and container labels 


19 Feb. 
2010 


NDA 022575, 
Sequence 0028 




Response to FDA labeling comments 17 Feb 2010 and 
carton and container label comments 18 Feb 2010 


25 Feb. 
2010 


NDA 022575, 
Sequence 0029 




Information Amendment: Final Post-Marketing 
Commitments and Final Labeling Text (Company 
agreed PMCs and labeling text) 


25 Feb. 
2010 


NDA 022575, 
Sequence 0030 


Information Amendment: Post-Marketing 
Commitments and Draft Labeling Text 


26 Feb. 
2010 




FDA 

Action 

Letter 


NDA Approval Letter 
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Title: HIGH MANNOSE PROTEINS AND METHODS OF MAKING HIGH 
MANNOSE PROTEINS 

(12) Statement Concerning Eligibility for and Duration of Extension 
Sought Under 35 U.S.C. § 156 [37 C.F.R. §L740(a)(12)] 

(i) Applicant is of the opinion that U.S. Patent No. 7,138,262 Bl is eligible for 
extension of the patent term under 35 U.S.C. § 156 of 687 days and should be extended 
until July 6, 2022. It satisfies all requirements for such extension including: 

(a) 35 U.S.C. § 156(a) - U.S. Patent No. 7,138,262 Bl claims a method of 
manufacturing the approved product, VPRIV . 

(b) 35 U.S.C. § 156(a)(1) - U.S. Patent No. 7,138,262 Bl has not expired before 
submission of this application. 

(c) 35 U.S.C. § 156(a)(2) - The term of U.S. Patent No. 7,138,262 Bl has never 
been extended under 35 U.S.C. § 156(e)(1). 

(d) 35 U.S.C. § 1 56(a)(3) - The application for patent term extension is submitted 
by the owner of record of the patent in accordance with the requirements of paragraphs 
(1) through (4) of 35 U.S.C. § 156(d) and the rules of the Patent and Trademark Office. 

(e) 35 U.S.C. § 1 56(a)(4) - The product VPRIV™ has been subject to a regulatory 
review period before its commercial marketing or use. 

(f) 35 U.S.C. § 156(a)(5)(A) - The commercial marketing or use of the product 

T*Jt A 

VPRIV after the regulatory review period i& the first permitted commercial marketing 
or use under the provisions of § 505(b) of the Federal Food, Drug, and Cosmetic Act 
under which such regulatory review period occurred. 

(g) 35 U.S.C. § 156(c)(4) - No other patent has been extended for the same 
regulatory review period for the product VPRIV . 

(h) This application is being submitted within 60 days of regulatory agency 
approval. 

(i) This application otherwise complies with all requirements of 35 U.S.C. § 156 
and all applicable rules and procedures. 
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In re U.S. Patent No.: 7,1 38,262 Bl Attorney Docket No.: S2071-701019/00I3US 

Issued: November 21, 2006 
Inventors: Peter Francis Daniel 
Assignee: Shire Human Genetic Therapies, 
Inc. 

Title: HIGH MANNOSE PROTEINS AND METHODS OF MAKING HIGH 
MANNOSE PROTEINS 



(12)(ii) Applicant respectfully submits that the length of the extension of patent 
term for U.S. Patent No. 7,138,262 Bl is 687 days pursuant to 35 U.S.C. § 156(c). 

The length of the extension was determined pursuant to 37 C.F.R. § 1.775 as 
follows (the remainder of this section (12)(ii) is numbered so as to correspond to the 
numbering in 37 C.F.R. § 1.775 ): 

(c) The regulatory review period under 35 U.S.C. § 156(g)(1)(B) is a total 
of 2,1 10 days, which is the sum of (1) and (2) below: 

(1) The period of review under 35 U.S.C. § 156(g)(l)(B)(i), which 
is the number of days in the period beginning on the date the exemption became effective 
(May 20, 2004) and ending on the date an application was initially submitted (August 3 1 , 
2009), which is 1,930 days; and 

(2) The period of review under 35 U.S.C. § 156(g)(l)(B)(ii), which 
is the number of days in the period beginning on the date the application was initially 
submitted (August 31, 2009) and ending on the date such application was approved 
(February 26, 2010), which is 180 days. 

(d) The term of the patent as extended for a human drug, antibiotic drug or 
human biological product is determined by: 

(1) Subtracting from the number of days determined to be in the 
regulatory review period, which is 2,1 10: 

(i) The number of days in the regulatory review period 
which were on or before the date on which the patent issued (November 21, 2006) which 
is 916 days; and 

(ii) The number of days in the period of (c)(1) and (c)(2) 
above during which applicant did not act with due diligence, which is zero (0) days; and 
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In re U.S. Patent No.: 7,138,262 Bl Attorney Docket No.: S2071-70I019/0013US 

Issued: November 21, 2006 
Inventors: Peter Francis Daniel 
Assignee: Shire Human Genetic Therapies, 
Inc. 

Title: HIGH MANNOSE PROTEINS AND METHODS OF MAKING HIGH 
MANNOSE PROTEINS 

(iii) One-half the number of days determined in 
subparagraph (c)(1) above after that period is reduced by subparagraph (d)(l)(i) and 
(d)(l)(ii) which, is (1, 930-9 16-0)/2, or 507 days. 

Thus, the number of days determined in subparagraph (c) above (2,1 10) is 
reduced by 1,423 (916+507) days, for a total of 687 days; 

(2) Adding the number of days as determined in subparagraph (d)(l ), (687 
days), to the original term of the patent (August 18, 2020) which results in the date of 
July 6, 2022. 

(3) By adding fourteen (14) years to the date of approval of the New Drug 
Application (NDA 22575) which results in the date of February 26, 2024; 

(4) By comparing the dates for the ends of the periods obtained pursuant 
to paragraphs (d)(2) and (d)(3) and selecting the earlier, which is July 6, 2022; 

(5) (i) Since U.S. Patent No. 7,138,262 Bl issued after September 24, 
1984, by adding 5 years to the original expiration date of the patent or any earlier date set 
by terminal disclaimer, which is August 18, 2025; and (ii) By comparing the dates 
obtained pursuant to paragraphs (d)(4) and (d)(5)(i) of this section with each other and 
selecting the earlier date, which is July 6, 2022. 

Thus, the patent is entitled to extension until July 6, 2022. 

(13) Statement Pursuant to 37 C.F.R. § 1.740(a)(13) 

Applicant acknowledges a duty to disclose to the Director of the United States 
Patent and Trademark Office and the Secretary of Health and Human Services any 
information which is material to the determination of entitlement to the extension sought, 
e.g., as that duty is defined in 37 C.F.R. § 1.765. 
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In re U.S. Patent No.: 7,138,262 Bl 



Attorney Docket No.: S207 1-701 019/00! 3 US 



Issued: November 21, 2006 
Inventors: Peter Francis Daniel 
Assignee: Shire Human Genetic Therapies, 
Inc. 

Title: HIGH MANNOSE PROTEINS AND METHODS OF MAKING HIGH 
MANNOSE PROTEINS 



(14) Applicable Fee [L740(a)(14)] 

The prescribed fee for receiving and acting upon this application is attached as a 
check in the amount of $1,120.00. The Director is authorized to charge any additional 
fees required by this application to Deposit Account No. 50/2762, referencing attorney 
docket number S2071-701019. 



(15) Name and Address for Correspondence [1.740(a)(15)] 

All correspondence and inquiries may be directed to the undersigned, whose 

address, telephone number and fax number are as follows: 

Laurie Butler Lawrence 
Lando & Anastasi, LLP 
One Main Street 
Cambridge, MA 02142 
Phone:617-395-7000 
Fax:617-395-7070 



Enclosed is a certification that the application for extension of patent term under 
35 U.S.C. § 156 including its attachments and supporting papers is being submitted as 
one original and two (2) copies thereof (Attachment K) in compliance with 37 C.F.R. § 



1.740(b). 



Respectfully submitted, 




Laurie Butler Lawrence, Reg. No. 46,593 
LANDO & ANASTASI, LLP 
One Main Street 

Cambridge, Massachusetts 02142 
United States of America 



Telephone: 617-395-7000 
Facsimile: 617-395-7070 
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In re U.S. Patent No.: 7,1 38,262 Bl Attorney Docket No.: S2071-70I019/0013US 

Issued: November 21, 2006 
Inventors: Peter Francis Daniel 
Assignee: Shire Human Genetic Therapies, 
Inc. 

Title: HIGH MANNOSE PROTEINS AND METHODS OF MAKING HIGH 
MANNOSE PROTEINS 



Date: April 22, 2010 
Attachments: 

Power of Attorney (Attachment A) 

Package Insert for VPRIV™ (Attachment B) 

NDA approval letter from FDA to Shire Human Genetic Therapies, Inc., dated 
February 26, 2010 (with enclosure) (Attachment C) 
U.S. Patent No. 7,138,262 Bl (Attachment D) 
Maintenance Fee Statement (Attachment E) 

Brumshtein et al. (2010) Glycobiology 20(l):24-32 (Attachment F) 
Letter from FDA to Transkaryotic Therapies, Inc., dated January 12, 2004, 

providing the IND number and showing the date of receipt by FDA of the IND 

(Attachment G) 

A written record of the discussion that occurred on January 28, 2004 regarding 
modification of the protocol (Attachment Gl) 

Letter from Transkaryotic Therapies, Inc. to FDA dated March 1 1 , 2004, 
concerning amendment of protocol (Attachment G2) 

FDA communication to Transkaryotic Therapies, Inc., dated May 20, 2004, 
concerning amendment to protocol (Appendix G3). 

Letter from FDA to Shire Human Genetics Therapies, Inc. indicating the date the 
IND was put on clinical hold (Attachment H) 

Letter from FDA to Shire Human Genetics Therapies, Inc., dated December 21, 
2006, removing the clinical hold and indicating that the protocol can be initiated 
(Attachment I) 

Letter from FDA to Shire Human Genetics Therapies, Inc., dated Septermber 14, 
2009, acknowledging receipt of the final submission of the NDA (Attachment J) 
Certification of Copies of Application Papers (Attachment K) 
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In re U.S. PatentNo.: 7,138,262B1 Attorney Docket No.: S2071-701019/00I3US 

Issued: November 21, 2006 
Inventors: Peter Francis Daniel 
Assignee: Shire Human Genetic Therapies, 
Inc. 

Title: HIGH MANNOSE PROTEINS AND METHODS OF MAKING HIGH 
MANNOSE PROTEINS 



Attachment A 



Power of Attorney 



DocketNo.: S2071-9000 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Commissioner for Patents 

P.O. Box 1450 

Alexandria, VA 22313-1450 

REVOCATION OF PRIOR POWERS OF ATTORNEY 

and 

NEW POWER OF ATTORNEY 

Sin 

The undersigned, Shire Human Genetic Therapies, Inc., a Delaware Corporation, 
assignee of the entire right, title and interest for all of the patents and patent applications 
identified in the attached Schedule A, hereby revokes all previous powers-of-attorney or 
authorizations of agent given in the identified patents and patent applications and in any 
divisional, continuing, substitute, renewal, reexamination, or reissue applications thereof, and 
appoints all practitioners of Lowrie, Lando & Anastasi, LLP associated whh Customer Number: 

37462 

as assignee's attorneys or agents with full power of substitution to take any and all action 
necessary with regard to the identified patents and patent applications, and with regard to any 
divisional, continuing, substitute, renewal or reissue applications thereof. 

Please address all telephone calls to Laurie Butler Lawrence at telephone no. (617) 395- 

7000. 

Please forward all correspondence to the correspondence address associated with 
Customer Number; 37462 

Shire Hjaman Genetic ThcrlBies, Inc. 

Bv: ^U 0jA/ L^ /' Dated: (JpuJ ft 2 n*f 

Name: Kerr^A. Hj5n * J/ / ' 
Title: Vice President, Intellectual Property 

ASSIGNEE CERTIFICATION 
Attached to this power is a Certificate Under 37 CFR 3.73(b). 



^rJB ft, 



Dated: 




Riverfront Office Park 
One Main Street 
Cambridge, MA 02142 
(617)395-7000 



SCHEDULE A 



U.S. Patents: 







ATTORNEY'S 


ILS. PATENT NO. 


ISSUE DATE 


DOCKET NO. 


6,924,365 


08/0272005 


S2071-700410 


7,229,793 


06/12/2007 


S2071 -700719 


6,569,681 


05/27/2003 


S2071-700919 


7,138,262 


11/21/2006 


S2071-701019 


5,965,125 


10/12/1999 


S2071-701419 


6,472,181 


10/29/2002 


S2071 -701440 


6,582,391 


06/24/2003 


S2071-701441 


6,083,725 


07/04/2000 


S2071-701510 


6,566,099 


05/20/2003 


S2071-701520 


7,122354 


10/17/2006 


S2071-701521 


6,395,884 


05/28/2002 


S2071-701540 


5,817,789 


10/06/1998 


S2071-701619 


6,027,921 


02/22/2000 


S2071-701640 


6,262,026 


07/17/2001 


S2071-701641 


O,o JO, J /o 


\JZJ JUJ L\J\JJ 




6,419,920 


07/16/2002 


S2071-701730 


6,458,574 


10/01/2002 


S2071 -702030 
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SCHEDULE A 



U.S. Patent Applications: 



u.s. 

APPLICATION NO. 

11/581,979 
11/028,850 
,10/160,452 
10/165,060 
11/403,618 
11/671,588 
10/775,678 
08/712,614 
10/423,225 
09/686,497 
1 1/924,804 
11/925,125 
11/925^167 
11/928,247 
10/165,968 
60/375,584 
60/771,555 
10/968,870 



FILING DATE 

10/17/2006 
01/03/2005 
05/31/2002 
07/07/2002 
. 04/13/2006 
02/06/2007 
02/10/2004 
09/13/1996 
04/25/2003 
10/11/2000 
10/26/2007 

10/26/2007 
10/30/2007 
06/10/2002 
04/25/2002 
02/07/2006 
10/18/2004 



ATTORNEY'S 
DOCKET NO. 

S2071-701040 
S2071-701620 
S2071-701740 
S2071-702040 
S2071-702540 
S2071-702719 
S2071-702810 
S2071-703119 
S2071-702510 
S2071-701319 
S2071-701320 



OZU/ 1 

S2071 
S2071 
S2071 
S2071 
S2071- 
S2071- 



•701322 
■701323 
■702020 
702500 
702700 
701020 
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PTO/5B/96(01-G8) 
Approved for use through 04/30/2008. OMB 0651-0031 
U-S- Patent and Trademark Office; U S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a vaKd QMS control number. 

STATEMENT UNDER 37 CFR 3.73(bl 

Applicant/Patent Owner Peter Francis Daniel et at. 

Application No/Patent No.: 7.138.262 Ffled/lssue Date: 11/21 /2006 

Entitled: HIGH MAN NOSE PROTEINS AND METHODS OF MAKING HIGH MANNOSE PROTEINS 



Shim H i rman Genfltfos Thflrapffts, Inc , a npinwn«> rnrpnmtinn __ 

(Name of Assignee) (Type of Assignee, e.g.. corporation, partnership, university, government agency, etc.) 

states that it is: 

1. [7] the assignee of the entire right, title, and interest; or 

2. □ an assignee of less than the entire right, title and interest 

(The extent (by percentage) of its ownership interest is. %) 

in the patent application/patent identified above by virtue of either 

AQ An assignment from the inventors) of the patent appficatkwi/jpatent identified above. The assignment was recorded 

in the United States Patent and Trademark Office at Reel Frame , or for which a copy 

thereof is attached. 

OR 

B-I71 A chain of trfle from the inventorfs), of the patent application/patent identified above, to the current assignee as follows: 



1 . From: Peter Francis Daniel et al. To: Transkaryotic Therapies, Inc. 

The document was recorded in the United States Patent and Trademark Office at 

Reel 011662 . Frame 0815 , or for which a copy thereof is attached. 

2. From: Transkaryotic Therapies, Inc. To: Shire Human Genetics Therapies. Inc. 

The document was recorded in the United States Patent and Trademark Office at 

Reel . 018224 .Frame uaw , or for which a copy thereof is attached. 

3. From: To: 

The document was recorded in the United States Patent and Trademark Office at 

Reel .Frame , or for which a copy thereof is attached. 

□ Additional documents in the chain of title are listed on a supplemental sheet. 

0 As required by 37 CFR 3.73(bX1)(i), the documentary evidence of the chain of title from the original owner to the 
assignee was, or concurrently is being, submitted for recordation pursuant to 37 CFR 3.1 1 . 

[NOTE: A separate copy (le. t a true copy of the original assignment documents)) must be submitted to Assignment 
Division in accordance with 37 CFR Part 3, to record the assignment m the records of the USPTO. See MPEP 
302.08] 

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee. 

. /Natalie A. Ussy/ ; April 24. 2008 

Signature Date 

\ Natalie A. Lissv. Reo. No. 59 651 617-335-7000 - 

Printed or Typed Name Telephone Number 

; Attorney 

Title ; . ■ 

TtecoBection of information is required by 37 CFR 3.73(b). The information is required to obtain or retain a benefit by the public which is to file (and by the 
USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to 
co mplete , including gathering, preparing, and submitting the completed appBcation form to die USPTO. Time wO vary depending upon the incfividual case. Any 
comments on the amount of timo you require to compiete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, 
U.S. Patent and Trademark Office, US. Department of Conrnerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED 
FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 



if you need assistance in completing the form, caff 1-8Q0-P7O-9199 and select option 2 



Privacy Act Statement 



The Privacy Act of 1974 (PJ_ 93-579) requires that you be given certain information in connection 
with your submission of the attached form related to a patent application or patent Accordingly, 
pursuant to the requirements of the Act, please be advised that (1) the general authority for the 
coBection of this information is 35 U.S.C. 2(bX2); (2) furnishing of the information solicited is voluntary; 
and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark 
Office is to process and/or examine your submission related to a patent application or patent If you do 
not furnish the requested information, the U.S. Patent and Trademark Office may not be able to 
process and/or examine your submission, which may result in termination of proceedings or 
abandonment of the application or expiration of the patent 

The information provided by you in this form will be subject to the following routine uses: 

1 . The information on this form will be treated confidentially to the extent allowed under the 
Freedom of Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from 
this system of records may be disclosed to the Department of Justice to determine whether 
disclosure of these records is required by the Freedom of Information Act 

2. A record from this system of records may be disclosed, as a routine use, in the course of 
presenting evidence to a court, magistrate, or administrative tribunal, including disclosures to 
opposing counsel in the course of settlement negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of 
Congress submitting a request involving an individual, to whom the record pertains* when the 
individual has requested assistance from the Member with respect to the subject matter of the 
record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the 
Agency having need for the information in order to perform a contract Recipients of 
information shall be required to comply with the requirements of the Privacy Act of 1974, as 
amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in 
this system of records may be disclosed, as a routine use, to the International Bureau of the 
World intellectual Property Organization, pursuant to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal 
agency for purposes of National Security review (35 U.S.C. 1 81 ) and for review pursuant to 
the Atomic Energy Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, 
General Services, or his/her designee, during an inspection of records conducted by GSA as 
part of that agency's responsibility to recommend improvements in records management 
practices and programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall 
be made in accordance with the GSA regulations governing inspection of records for this 
purpose, and any other relevant (/.e. f GSA or Commerce) directive. Such disclosure shall not 
be used to make determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the pubOc after 
either publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent 
pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 
CFR 1.14, as a routine use. to the public if the record was filed in an application which 
became abandoned or in which the proceedings were terminated and which application is 
referenced by either a published application, an application open to public inspection or an 
issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, 
or local law enforcement agency, if the USPTO becomes aware of a violation or potential 
violation of law or regulation. 
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Inventors: Peter Francis Daniel 
Assignee: Shire Human Genetic Therapies, 
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Attachment B 
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In re U.S. Patent No. : 7, 1 38,262 B 1 Attorney Docket No.: S2071 -701019/0013US 

Issued: November 21, 2006 
Inventors: Peter Francis Daniel 
Assignee: Shire Human Genetic Therapies, 
Inc. 

Title: HIGH MANNOSE PROTEINS AND METHODS OF MAKING HIGH 
MANNOSE PROTEINS 



Attachment C 

NDA approval letter from FDA to Shire Human Genetic Therapies, Inc., dated 
February 26, 2010 (with enclosure) 



Food and Drug Administration 
Silver Spring MD 20993 



NDA 022575 NDA APPROVAL 

Shire Human Genetic Therapies, Inc. 

Attention: Nikhil Mehta, Ph.D. 

Vice President, Global Regulatory Affairs 

700 Main Street 

Cambridge, MA 02139 



Dear Dr. Mehta: 

Please refer to your new drug application (NDA) dated August 3 1 , 2009, received 

August 31, 2009, submitted under section 505(b) of the Federal Food, Drug, and Cosmetic Act 

for VPRTV (velaglucerase alfa for injection). 

We acknowledge receipt of your submissions dated July 30, August 3 1 , September 1 7, 22, and 
28, October 1, 9, 12, 23, and 29, November 16 and 20, December 1, 4, 15, 18, 22, and 31, 2009, 
and January 13, 14, 15, 26, and 27, and February 1, 8, 9, 17, 19, and 25, 2010. 

This new dnig application provides for the use of VPRIV (velaglucerase alfa for injection) for 
long-term enzyme replacement therapy (ERT) for pediatric and adult patients with type 1 
Gaucher disease. 

We have completed our review of this application, as amended. It is approved, effective on the 
date of this letter, for use as recommended in the enclosed agreed-upon labeling text 

Your application was not referred to an advisory committee because this drug is not the first in 
its class, the clinical study design was acceptable, the application did not raise significant safety 
or efficacy issues, the application did not raise significant public health questions on the role of 
the drug in the diagnosis, cure, mitigation, treatment or prevention of a disease, and outside 
expertise was not necessary. 

CONTENT OF LABELING 

As soon as possible, but no later than 14 days from the date of this letter, please submit the 
content of labeling [21 CFR 314.50(1)] in structured product labeling (SPL) format, as described 
at http:7AYWw.fda.gov/F orfa that is 

identical to the submitted labeling (package insert submitted February 25, 201 0). For 
administrative purposes, please designate this submission, "SPL for approved NDA 022575," 
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CARTON AND IMMEDIATE CONTAINER LABELS 

We acknowledge your February 19,^2010, submission containing final printed carton and 
container labels- 



Marketing the product with final printed labeling that is not identical to the approved labeling 
text may render the product misbranded and an unapproved new drug. 

REQUIRED PEDIATRIC ASSESSMENTS 

Under the Pediatric Research Equity Act (PREA) (21 U.S.C. 355c), all applications for new 
active ingredients, new indications, new dosage forms, new dosing regimens, or new routes of 
administration are required to contain an assessment of the safety and effectiveness of the 
product for the claimed indication in pediatric patients unless this requirement is waived, 
deferred, or inapplicable. 

Because this drug product for this indication has an orphan drug designation, you are exempt 
from this requirement 

POSTMARKETING COM MITMENTS SUBJECT TO REPORTING REQUIREMENTS 
UNDER SECTION 506B 

We remind you of your postmarketing commitments in your submission dated 
February 25, 201 0. These commitments are listed below. 

1600-01 Shire commits to utilize an antibody screening cut point based on a mean + 1 .645 
standard deviation for assay values from treatment naive Gaucher patients. Shire 
will utilize the same methodology to calculate the anti-imiglucerase ECL cut 
point 



Final Report Submission: May 3 1 , 20 1 0 

1600-02 Shire commits to revise the cut point for the confirmatory anti-velaglucerase and 
anti-imiglucerase screening assays to a level that is less than or equal to the cut 
point of the screening assay. 

Final Report Submission: May 3 1 , 20 1 0 

1 600-03 Shire commits to re-assess the IgE cut point for the current ECL methodology 
using a chemically synthesized hybrid control. Shire commits to support assay 
validation using patient baseline values. 

Final Report Submission: May 3 1 , 201 0 

1600-04 Shire commits to develop an assay to measure the ability of patient antibodies to 
block the uptake of velaglucerase and imiglucerase into target cells. 
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Final Report Submission: 



November 30, 2010 



1600-05 



Shire commits to re-analyze all archived pharmacokinetic (PK) samples for Study 
TKT032 (using adequate in-process quality controls and standard curves) and 
recalculate velaglucerase alfa PK parameters. 



Study Completion Date: 
Final Report Submission: 



May 31, 2010 
June 30, 2010 



1600-06 



Shire commits to conduct a prospective PK study in patients with Type 1 Gaucher 
disease in the case that Shire fails to adequately characterize velaglucerase alfa 
PK using the archived PK samples (discussed under PMC #1600-05 above). 



Final Protocol Submission: 
Study Completion Date: 
Final Report Submission: 



December 31, 2010 
March 31, 2013 
September 30, 2013 



POSTMARKETING COMMITMENTS NOT SUBJ ECT TO THF REPORTING 
REQUIREMENTS UNDER SECTION 506B 

We remind you of your postmarketing commitments in your submission dated 
February 25, 201 0. These commitments are listed below. 

1600-07 Shire commits to develop and implement a kinetic assay with a physiologically 
relevant substrate for drug substance and drug product release and stability 
testing. Results and specifications will be included in the final report 



Final Report Submission: 



December 31, 2011 



1600-08 Shire commits to develop and implement a quantitative method that measures 

total carbohydrate content Results and specifications will be included in the final 
report 



Final Report Submission: 



February 28, 2011 



1600-09 Shire commits to replace the non-quantitative SDS-PAGE Silver stain method 

with a quantitative SDS-PAGE Coomassie test Results and specifications will be 
included in the final report 



Final Report Submission: 



February 28, 2011 



1600-10 Shire commits to demonstrate that Long R3 IGF1 is well controlled to ensure no 
impact on product quality. The results will be included in the final report. 



Final Report Submission: 



February 28, 2011 
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1600-1 1 Shire commits to demonstrate the clearance capability of the process to remove 
hydrocortisone through hydrocortisone spike studies. The results will be included 
in the final report 

Final Report Submission: November 30, 20 1 0 

1 600-12 Shire commits to re-evaluate drug substance and drug product release and 
stability specifications. Shire will submit the revised specifications and 
supporting data in the final report. 

Final Report Submission: December 31, 2011 

1600-1 3 Shire commits to update the specifications for SEC, RP-HPLC, and the glycan 
map, and to include acceptance criteria for the leading shoulder in SEC-HPLC, 
for peaks A and B in RP-HPLC, and for peak group 2 in the glycan map. 

Final Report Submission: July 1 , 201 0 

1600-14 Shire commits to update the peptide map specification using new acceptance 

criteria to reflect control of impurities. Shire commits to add the peptide map as a 
drug substance and drug product release and stability test with the new acceptance 
criteria. 

Final Report Submission: July 1,2010 

1 600-1 5 Shire commits to include the cellular uptake bioassay for drug product release 
testing. 

Final Report Submission: April 1 , 20 1 0 

1600-16 Shire commits to provide a report containing the sub-visible particulates (2 - 10 
Jim) analyses, risk assessment and risk mitigation strategies. 

Final Report Submission: September 30, 2010 

1 600- 1 7 Shire commits to include drug substance and drug product stress conditions in the 
annual stability program. The revised stability protocols will be included. 

Final Protocol Submission: April 1, 2010 

1600-18 Shire commits to evaluate the impact of pH on the in-use stability of the drug 

product and to provide assurance that procedures are in place to control this risk 
to product quality. 



Final Protocol Submission: 



December 31, 2010 
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Submit clinical protocols to your IND 061220 for this product Submit nonclinical and 
chemistry, manufacturing, and controls protocols and all study final reports to this NDA. In 
addition, under 21 CFR 314.81(b)(2)(vii) and 314.81(bX2)(viii) you should include a status 
summary of each commitment in your annual report to this NDA. The status summary should 
include expected summary completion and final report submission dates, any changes in plans 
since the last annual report, and, for clinical studies/trials, number of patients entered into each 
study/triaL All submissions, including supplements, relating to these postmarketing 
commitments should be prominently labeled "Postmarketing Commitment Protocol," 
"Postmarketing Commitment Final Report," or "Postmarketing Commitment 
Correspondence." 

PROMOTIONAL MATERIALS 

You may request advisory comments on proposed introductory advertising and promotional 
labeling. To do so, submit, in triplicate, a cover letter requesting advisory comments, the 
proposed materials in draft or mock-up form with annotated references, and the package insert 
to: 

Food and Drug Administration 

Center for Drug Evaluation and Research 

Division of Drug Marketing, Advertising, and Communications 

5901 -B Ammendale Road 

Beltsville, MD 20705-1266 

As required under 21 CFR 314.81(b)(3)(i), you must submit final promotional materials, and the 
package insert, at the time of initial dissemination or publication, accompanied by a Form FDA 
2253. For instruction on completing the Form FDA 2253, see page 2 of the Form. For more 
information about submission of promotional materials to the Division of Drug Marketing, 
Advertising, and Communications (DDMAC), see 
http://www.fdagov/Abo^ 

Please submit one market package of the drug product when it is available. 
LETTERS TO HEALTH CARE PROFESSIONALS 

If you issue a letter communicating important safety-related information about this drug product 
(i.e., a "Dear Health Care Professional" letter), we request that you submit an electronic copy of 
the letter to both this NDA and to the following address: 

MedWatch 

Food and Drug Administration 
Suite 12B-05 
5600 Fishers Lane 
RockvilIe,MD 20857 
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REPORTING REQUIREMENTS 

We remind you that you must comply with reporting requirements for an approved NDA (21 
CFR314.80 and314.81). 

MEPWATCH-TO-MANUFACTURER PROGRAM 

The Med Wateh-to-Manufacturer Program provides manufacturers with copies of serious adverse 
event reports that are received directly by the FDA. New molecular entities and important new 
biologies qualify for inclusion for three years after approval. Your firm is eligible to receive 
copies of reports for this product To participate in the program, please see the enrollment 
instructions and program description details at 

http://www.fda.gov/Safetv/MedWatch/HowToReport/ucm 1 6691 O.htm , 

If you have any questions, call Wes Ishihara, Regulatory Project Manager, at (301) 796-0069. 

Sincerely, 

{See appended electronic signature page} 

Julie Beitz, M.D. 
Director 

Office of Drug Evaluation III 

Center for Drug Evaluation and Research 



Enclosure: Package Insert 



HIGHLIGHTS OF PRESCRIBING INFORMATION 

These highlights do not include all tfae information needed to use VPRTV 

safely and effectively. See full prescribing information for VPRIV. 

VPRTV™ (velaglucerase al£a for injection) 
Initial U& Approval: 2010 

INDICATIONS AND USAGE 

VPRIV (velaglucerase alia for injection) is a hydrolytic lysosomal 
glucocerehroside-specific enzyme indicated for long-terra enzyme replacement 
therapy (EST) for pediatric and adult patients with type 1 Gaucher disease (1). 

DOSAGE AND ADMINISTRATION 

• 60 Units/kg administered every other week as a 60-minute intravenous 
infusion (2). 

• Patients currently being treated with imiglucerase for Gaucher disease can 
be switched to VPRIV. Patients previously treated on a stable dose of 
imiglucerase are recommended to begin treatment with VPRIV al that 
same dose when they switch from imiglucerase to VPRTV (2). 

• Physicians can make dosage adjustments based on achievement and 
maintenance of each patient's therapeutic goals. Clinical trials have 
evaluated doses ranging front 15 Units/kg to 60 Units/kg every other 
week (2). 

DOSAGE FORMS AND STRENGTHS 

• Lyophflized powder to be reconstituted and diluted for infusion (3). 

• Available in 200 Units and 400 Units single-use vials (3). 



CONTRAINDICATIONS 

None (4). 

—WARNINGS AND PRECAUTIONS 

♦ Hypersensitivity reactions: Treatment with VPRTV should be carefully 
re-evaluated in the presence of significant evidence of hypersensitivity 
to the product (5.1). 

* Infusion-related reactions (52). 

— ADVERSE REACTIONS 

• The most common adverse reactions during clinical studies 
were infusion-related reactions (5.2, 6.1). 

* Other commonly observed adverse reactions in > 10% of patients were: 
headache, dizziness, abdominal pain, nausea, back pain, joint pain, 
upper respiratory tract infection, activated PTT prolonged, 
fatigue/asthenia, and pyrexia (6. 1 ). 

To report SUSPECTED ADVERSE REACTIONS, contact Shire Hainan 
Genetic Therapies, Inc. at the OnePath 5 " phone ft 1-866-888-0660 
or MedTnfoGlobat@Shire.com, or FDA at 1-800-FDA-1088 or 
www.fda.gov/medwatch 



See Section 17 for PATIENT COUNSELING INFORMATION. 

Revised: ©2/2010 



FULL PRESCRIBING INFORMATION: CONTENTS* 
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♦Sections or subsections omitted from the full prescribing information are 
not listed 



VPRIV™ (velaglucerase alfa for injection) 



FULL PRESCRIBING INFORMATION 

1 INDICATIONS AND USAGE 

VPRIV (velaglucerase alfa for injection) is a hydrolytic lysosomal glucocerebroside-specific 
enzyme indicated for long-term enzyme replacement therapy (ERT) for pediatric and adult 
patients with type 1 Gaucher disease. 

2 DOSAGE AND ADMINISTRATION 
2*1 Recommended Dose 

Hie recommended dose is 60 Units/kg administered every other week as a 60-minute 
intravenous infusion. 

Patients currently being treated with imiglucerase for type 1 Gaucher disease may be switched to 
VPRTV. Patients previously treated on a stable dose of imiglucerase are recommended to begin 
treatment with VPRIV at that same dose when they switch from imiglucerase to VPRIV. 

Dosage adjustments can be made based on achievement and maintenance of each patient's 
therapeutic goals. Clinical studies have evaluated doses ranging from 15 Units/kg to 
60 Units/kg every other week. 

VPRIV should be administered under the supervision of a healthcare professional. 

22 Preparation and Administration Instructions 
Use aseptic technique 

VPRIV is a lyophilized powder, which requires reconstitution and dilution, and is intended for 
intravenous infusion only. VPRTV contains no preservatives and vials are single-use only. 
, Discard any unused solution. VPRTV should be prepared as follows: 

Determine the number of vials to be reconstituted based on the individual patient's weight and 
the prescribed dose. Follow the instructions in Table 1 for reconstitution. 



Table 1: Reconstitution Instructions 





200 Units/vial 


400 Units/vial 


Volume of Sterile Water for 
Injection, USP.for 
reconstitution 


22 mL 


43 mL 


Concentration after 
reconstitution 


lOOUnhs/mL 


lOOUnits/mL 


Withdrawal volume 


2mL 


4mL 



f 

2 



Upon reconstitution, mix vials gently. DO NOT SHAKE. Prior to further dilution, visually 
inspect the solution in the vials; the solution should be clear to slightly opalescent and colorless; 
do not use if the solution is discolored or if foreign particulate matter is present Withdraw the 
calculated volume of drug from the appropriate number of vials and dilute the total volume 
required in 100 mL of 0.9% sodium chloride solution suitable for IV administration. Mix gently 
DO NOT SHAKE. 

VPRIV should be administered over 60 minutes. VPRIV should not be infused with other 
products in the same infusion tubing as the compatibility in solution with other products has not 
been evaluated. Hie diluted solution should be filtered through an in-line low protein-binding 
0.2pm filter during administration. 

As VPRIV contains no preservatives, once reconstituted the product should be used immediately. 
If immediate use is not possible, the reconstituted or diluted product may be stored for up to 24 
hours at 2 to 8°C (36 to 46°F). Do not freeze. Protect from light. The infusion should be 
completed within 24 hours of reconstitution of vials. 

3 DOSAGE FORMS AND STRENGTHS 

VPRIV is a sterile, white to off-white, lyophilized powder for reconstitution with Sterile Water 
for Injection, USP, to yield a final concentration of 100 Units/mL. 

VPRIV is available as 200 Units and 400 Units single-use vials. 

4 CONTRAINDICATIONS 

None. 

5 WARNINGS AND PRECAUTIONS 
5*1 Hypersensitivity Reactions 

Hypersensitivity reactions have been reported in patients in clinical studies with VPRIV [see 
Adverse Reactions (6J)]. As with any intravenous protein product, hypersensitivity reactions 
are possible, therefore appropriate medical support should be readily available when VPRIV is 
administered. If a severe reaction occurs, current medical standards for emergency treatment are 
to be followed 

Treatment with VPRIV should be approached with caution in patients who have exhibited 
symptoms of hypersensitivity to the active ingredient or excipients in the drug product or to other 
enzyme replacement therapy. 

5.2 Infusion-related Reactions 

Infusion-related reactions were the most commonly observed adverse reactions in patients 
treated with VPRIV in clinical studies. The most commonly observed symptoms of infusion- 
related reactions were: headache, dizziness, hypotension, hypertension, nausea, fatigue/asthenia, 
and pyrexia. Generally the infusion-related reactions were mild and, in treatment-naive patients, 
onset occurred mostly during the first 6 months of treatment and tended to occur less frequently 
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with time. 



n*e management of infiision-related reactions should be based on the severity of the reaction, 
e.g. slowing the infusion rate, treatment with medications such as antihistamines, antipyretics 
and/or corticosteroids, and/or stopping and resuming treatment with increased infusion time. 

Pre-treatment with antihistamines and/or corticosteroids may prevent subsequent reactions in 
those cases where symptomatic treatment was required. Patients were not routinely pre- 
medicated prior to infusion of VPRI V during clinical studies. 



6 ADVERSE REACTIONS 
6.1 Clinical Studies Experience 

"The data described below reflect exposure of 94 patients with type 1 Gaucher disease who 
received VPRIV at doses ranging from 15 Units/kg to 60 Units/kg every other week in 5 clinical 
studies. Fifty-four (54) patients were naive to ERT and received VPRIV for 9 months and 
40 patients switched from imiglucerase to VPRIV treatment and received VPRIV for 12 months 
[see Clinical Studies (14)], Patients were between 4 and 71 years old at time of first treatment 
with VPRIV, and inciuded 46 male and 48 female patients. 

The most serious adverse reactions in patients treated with VPRIV were hypersensitivity 
reactions [see Warnings and Precautions (5.1)]. 

The most commonly reported adverse reactions (occurring in >10% of patients) that were 
considered related to VPRIV are shown in Table 2. Hie most common adverse reactions were 
infusion-related reactions. 

Because clinical trials are conducted under widely varying conditions, adverse reaction rates 
observed in the clinical trials of a drug cannot be directly compared to rates in the clinical trials 
of another drug and may not reflect the rates observed in practice. 



Table 2: Adverse Reactions Observed in > 10% of Patients with Type 1 Gaucher Disease Treated 



with VPRIV 



System Organ Class 
Preferred Term 


Naive to ERT 
N-54 


Switched from 
imigtucerase to 

VPRIV 

N = 40 


Number of Patients (% ) 


Nervous system disorders 




Headache 


19(35.2) 


12 (30) 


Dizziness 


12(22.2) 


3(7.5) 


. Gastrointestinal disorders 




Abdominal pain 


10 (IS J) 


6(15) 


Nausea 


3 (5.6) 


4(10) 


Musculoskeletal and connective tissue disorders 




Backpam 


9(16.7) 


7(17.5) 


Joint pain (knee) 


8(14.8) 


3(7.5) 


Infections and infestations 




Upper respiratory tract infection 


17(31.5) 12(30) 


Investigations 




Activated partial thromboplastin time prolonged 


6(1 LI) 


2(5) 


General disorders and administration site conditions 




Inflision-related reaction* 


28 (51.9) 


9(22.5) 


Pyrexia 


12(22.2) 


5(12.5) 


Asthenia/Fatigue 


7(13) 


5(12.5) 


♦Denotes any event considered related to and occurring within up to 24 hours of VPRIV infusion 



Less common adverse reactions affecting more than one patient (>3% in the treatment-naive 
group and >2% in patients switched from imiglucerase to VPRIV treatment) were bone pain, 
tachycardia, rash, urticaria, flushing, hypertension, and hypotension. 



Pediatric Patients 

All adult adverse reactions to VPRIV are considered relevant to pediatric patients 
(ages 4 to 17 years). Adverse reactions more commonly seen in pediatric patients compared to 
adult patients include Q>10% difference): upper respiratory tract infection, rash, aPTT prolonged, 
and pyrexia. 

Immunogenicity 

As with all therapeutic proteins, there is a potential for immunogenicity. In clinical studies, 
1 of 54 treatment-naive patients treated with VPRIV developed IgG class antibodies to VPRIV. 



In this patient, the antibodies were determined to be neutralizing in an in vitro assay. No 
infusion-related reactions were reported for this patient. It is unknown if the presence of IgG 
antibodies to VPRTV is associated with a higher risk of infusion reactions. Patients with an 
immune response to other enzyme replacement therapies who are switching to VPRIV should 
continue to be monitored for antibodies. 

Immunogenicity assay results are highly dependent on the sensitivity and specificity of the assay. 
Additionally, the observed incidence of antibody positivity in an assay may be influenced by 
several factors, including assay methodology, sample handling, timing of sample collection, 
concomitant medications, and underlying disease. For these reasons, comparison of the 
incidence of antibodies to VPRIV with the incidence of antibodies to other products may be 
misleading. 



7 DRUG INTERACTIONS 

No drug-drug interaction studies have been conducted. 

8 USE IN SPECIFIC POPULATIONS 
8.1 Pregnancy- Category B 

Reproduction studies with velaglucerase alfa have been performed in pregnant rats at intravenous 
doses up to 17 mg/kg/day (102 mg/m 2 /day, about 1.8 times the recommended human dose of 
60 Units/kg/day or 1.5 mg/kg/day or 55.5 mg/m 2 /day based on the body surface area). 
Reproduction studies have been performed in pregnant rabbits at intravenous doses up to 20 
mg/kg/day (240 mg/m /day, about 4.3 times the recommended human dose of 60 Units/kg/day 
based on the body surface area). These studies did not reveal any evidence of impaired fertility 
or harm to the fetus due to velaglucerase alfa. 

A pre- and postnatal development study in rats showed no evidence of any adverse effect on pre- 
and postnatal development at doses up to 17 mg/kg (102 mg/m 2 /day, about 1.8 times the 
recommended human dose of 60 Units/kg/day based on the body surface area). There are, 
however, no adequate and well-controlled studies in pregnant women. Because animal 
reproduction studies are not always predictive of human response, VPRIV should be used during 
pregnancy only if clearly needed. 

8 3 Nursing Mothers 

There are no data from studies in lactating women. It is not known whether this drug is excreted 
in human milk. Because many drugs are excreted in human milk, caution should be exercised 
when VPRIV is administered to a nursing woman. 

8.4 Pediatric Use 

The safety and effectiveness of VPRIV have been established in patients between 4 and 17 years 
of age. Use of VPRIV in this age group is supported by evidence from adequate and well- 
controlled studies of VPRTV in adults and pediatric [20 of 94 (21%)] patients. The safety and 
efficacy profiles were similar between pediatric and adult patients [see Adverse Reactions (6.1) 
and Clinical Studies (14)}. The safety of VPRTV has not been established in pediatric patients 



younger than 4 years of age. 
8.5 Geriatric Use 

During clinical studies 4 patients aged 65 or older were treated with VPRIV. Clinical studies of 
VPRTV did not include sufficient numbers of subjects aged 65 and over to determine whether 
they respond differently from younger subjects. Other reported clinical experience has not 
identified differences in responses between the elderly and younger patients. In general, dose 
selection for an elderly patient should be approached cautiously, considering potential comorbid 
conditions. 

10 OVERDOSAGE 

There is no experience with overdose of VPRTV. 

11 DESCRIPTION 

The active ingredient of VPRTV is velaglucerase alfa, which is produced by gene activation 
technology in a human fibroblast cell line. Velaglucerase alfa is a glycoprotein of 497 amino 
acids; with a molecular weight of approximately 63 kDa. Velaglucerase alfa has the same amino 
acid sequence as the naturally occurring human enzyme, glucocerebrosidase. Velaglucerase alfa 
contains 5 potential N-linked glycosylation sites; four of these sites arc occupied by glycan 
chains* Velaglucerase alfa is manufactured to contain predominantly high mannose-type N- 
linked glycan chains. The high mannose type N-linked glycan chains are specifically recognized 
and internalized via the mannose receptor present on the surface on macrophages, the cells that 
accumulate glucocerebroside in Gaucher disease. Velaglucerase alfa catalyzes the hydrolysis of 
the glycolipid glucocerebroside to glucose and ceramide in the lysosome. 

VPRTV is dosed by Units/kg, where one Unit of enzyme activity is defined as the quantity of 
enzyme required to convert one micromole of p-nitrophenyl B-D-glucopyranoside to p- 
nitrophenol per minute at 37°C. 

VPRTV is supplied as a sterile, preservative free, lyophilized powder in single-use vials. 
Following reconstitution with Sterile Water for Injection, USP, the solution contains the 
components listed in Table 3. 



Tabic 3; VPRIV Composition Following Reconstitution 





Extractable 200 Units/vial 


Extractable 400 Units/vial 


Active Ingredient 






velaglucerase alfa 


200 Units 


400 Units 


Inactive Ingredients 






citric acid, monohydiate 


232 mg 


5.04 mg 


polysorbate 20 


022 mg 


0.44 mg 


sodium citrate, dthydrate 


25.88 mg 


51.76 mg 


sucrose 


100 mg 


200 mg 
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12 CLINICAL PHARMACOLOGY 
12 J Mechanism of Action 

Gaucher disease is an autosomal recessive disorder caused by mutations in the GBA gene, which 
results in a deficiency of the lysosomal enzyme beta-glucocerebrosidase. Glucocerebrosidase 
catalyzes the conversion of the sphingolipid glucocerebroside into glucose and ceramide. The 
enzymatic deficiency causes an accumulation of glucocerebroside primarily in the lysosomal 
compartment of macrophages, giving rise to foam cells or "Gaucher cells". In this lysosomal 
storage disorder (LSD), clinical features are reflective of the accumulation of Gaucher cells in 
the liver, spleen, bone marrow, and other organs. The accumulation of Gaucher cells in the liver 
and spleen leads to organomegaly. Presence of Gaucher cells in the bone marrow and spleen 
lead to clinically significant anemia and thrombocytopenia. 

Velaglucerase alfa catalyzes the hydrolysis of glucocerebroside, reducing the amount of 
accumulated glucocerebroside. 

123 Pharmacokinetics 

In a multicenter study conducted in pediatric (N=7, 4 to 17 years old) and adult (N=15, 
19 to 62 years old) patients with type 1 Gaucher disease, pharmacokinetic evaluations were 
performed at Weeks 1 and 37 following 60-minute intravenous infusions of VPRIV 60 Units/kg 
every other week. Serum velaglucerase alfa concentrations declined rapidly with a mean half 
life of 11 to 12 minutes. The mean velaglucerase alfa clearance ranged from 6.72 to 7.56 
mL/min/kg. The mean volume of distribution at steady state ranged from 82 to 108 mL/kg 
(8.2% to 10.8% of body weight). However, because an inadequately validated analytical assay 
method was used in the evaluations, the accurate and definitive pharmacokinetic parameter 
values are not currently available. 

No accumulation or change in velaglucerase alfa pharmacokinetics over time from Weeks 1 to 
v 37 was observed upon multiple-dosing 60 Units/kg every other week. 

Based on the limited data, there were no notable pharmacokinetic differences between male and 
female patients in this study. The effect of age on pharmacokinetics of velaglucerase alfa was 
inconclusive. 

The effect of anti-drug antibody formation on the pharmacokinetic parameters of velaglucerase 
alfa is unknown. 

13 NONCLINICAL TOXICOLOGY 

13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility 

Long-term studies in animals to evaluate carcinogenic potential or studies to evaluate mutagenic 
potential have not been performed with velaglucerase alfa. 

In a male and female fertility study in rats, velaglucerase alfa did not cause any significant 
adverse effect on male or female fertility parameters up to a maximum dose of 17 mg/kg/day 
(102 mg/m /day, about 1 .8 times the recommended human dose of 60 Units/kg/day based on the 
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body surface area). 



14 CLINICAL STUDIES 

The efficacy of VPRIV was assessed in three clinical studies in a total of 99 patients with type 1 
Gaucher disease: 82 patients age 4 years and older received VPRTV and 17 patients age 3 years 
and older received imiglucerase. Studies I and II were conducted in patients who were not 
currently receiving Gaucher disease-specific therapy. Study III was conducted in patients who 
were receiving imiglucerase treatment immediately before starting VPRIV. In these studies, 
VPRIV was administered intravenously over 60 minutes at doses ranging from 15 Units/kg to 
60 Units/kg every other week. 

14.1 Studies of VPRIV as Initial Therapy 

Study I was a 12-month, randomized, double-blind, parallel-dose-group, multinational study in 

25 patients age 4 years and older with Gaucher disease-related anemia and either 
thrombocytopenia or organomegaly. Patients were not allowed to have had disease-specific 
therapy for at least the previous 30 months; all but one had no prior therapy. The mean age was 

26 years and 60% were male. Patients were randomized to receive VPRIV at a dose of either 
45 Units/kg (N=13) or 60 Units/kg (N=12) every other week. 

At baseline, mean hemoglobin concentration was 10.6 g/dL, mean platelet count was 97 x 10 9 /L, 
mean liver volume was 3.6 % of body weight (% BW), and mean spleen volume was 2.9 % BW. 
For all studies, liver and spleen volumes were measured by MRI. The changes in clinical 
parameters after 12 months of treatment are shown in Table 4. The observed change from 
baseline in the primary endpoint, hemoglobin concentration, was considered to be clinically 
meaningful in light of the natural history of untreated Gaucher disease. 

Table 4: Mean Change from Baseline to Month 12 for Clinical Parameters in Patients with Type 1 
Gaucher Disease Initiating Therapy with VPRIV in Study I 



Clinical Parameter 


Mean Changes from Baseline ± Std* Err. of the Mean 


VPRIV Dose (given every other week) 


45 Units/kg 
N=13 


60 Units/kg 
N = 12 


Hemoglobin concentration change 
(8/dL) 


2.4 ±0.4* 


2.4 ±03** 


Platelet count change 
(x 10 9 /L) 


41 ± 14* 


51 ± 12* 


Liver volume change 
(%BW) 


-030 ±0.29 


-0.84 ±033 


Spleen volume change 
(%BW) 


-1.9 ±0.6* 


-1.9 ±0.5* 



** Primary study endpoint was hemoglobin concentration change in the 60 Unit/kg group, p < 0.001 
♦ Statistically significant changes from baseline after adjusting for performing multiple tests 



Study II was a 9-month, randomized, double-blind, active-controlled (imiglucerase), parallel- 
group, multinational study in 34 patients age 3 years and older. Patients were required to have 
Gaucher disease-related anemia and either thrombocytopenia or organomegaly. Patients were 
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not allowed to have had disease-specific therapy for at least the previous 12 months. The mean 
age was 30 years and 53% were female; the youngest patient who received VPRIV was age 
4 years. Patients were randomized to receive either 60 Units/kg of VPRTV (N=17) or 
60 Units/kg of imiglucerase (N=l 7) every other week. 

At baseline, die mean hemoglobin concentration was 1 1.0 g/dL, mean platelet count was 171 x 
10 9 /L, and mean liver volume was 4.3 % BW. For the patients who had not had splenectomy 
(7 in each group) the mean spleen volume was 3.4 % BW. After 9 months of treatment, the 
mean absolute increase from baseline in hemoglobin concentration was 1.6 g/dL db 0.2 (SE) for 
patients treated with VPRTV. The mean treatment difference in change from baseline to 9 
months [VPRTV - imiglucerase] was 0. 1 g/dL db 0.4 (SE). 

In Studies I and II, examination of age and gender subgroups did not identify differences in 
response to VPRTV among these subgroups. The number of non-Caucasian patients in these 
studies was too small to adequately assess any difference in effects by race. 

14.2 Study in Patients Switching from Imiglucerase Treatment to VPRIV 

Study III was a 12-month, open-label, single-arm, multinational study in 40 patients age 9 years 
and older who had been receiving treatment with imiglucerase at doses ranging between 
i 5 Units/kg to 60 Units/kg for a minimum of 30 consecutive months. Patients also were required 
to have a stable biweekly dose of imiglucerase for at least 6 months prior to enrollment The 
mean age was 36 years and 55% were female. Imiglucerase therapy was stopped, and treatment 
with VPRIV was administered every other week at the same number of units as the patient's 
previous imiglucerase? dose. Adjustment of dosage was allowed by study criteria if needed in 
order to maintain clinical parameters. 

Hemoglobin concentrations and platelet counts remained stable on average through 12 months of 
VPRIV treatment After 12 months of treatment with VPRTV the median hemoglobin 
concentration was 13.5 g/dL (range: 10.8, 16.1) vs. the baseline value of 13.8 g/dL (range: 10.4, 
16.5), and the median platelet count after 12 months was 174 x 10 9 /L (range: 24, 408) vs. the 
baseline value of 162 x 10 9 /L (range: 29, 399). No patient required dosage adjustment during the 
12-month treatment period. 



15 REFERENCES 

1. Pastores GM, Weinreb NJ, Aerts H, et al. Therapeutic Goals in the Treatment of Gaucher 
Disease. SeminHematoL 2004; 41(4 Suppl 5):4- 14. 

16 HOW SUPPLIED/STORAGE AND HANDLING 

VPRIV is a sterile, preservative free, lyophilized powder requiring reconstitution and further 
dilution prior to use. It is supplied in individually packaged glass vials, which are closed with a 
butyl rubber stopper with a fluoro-resin coating and are sealed with an aluminum overseal with a 
flip-off plastic cap. The vials are intended for single use only. VPRTV is available as: 
200 Units/vial NDC 54092-701-02 and 400 Units/vial NDC 54092-701 -04. 
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16*1 Storage 

VPRIV should be stored in a refrigerator at 2 to 8°C (36 to 46°F). Do not use VPRTV after the 
expiration date on the vial. Do not freeze. 

Protect vial from light 

17 PATIENT COUNSELING INFORMATION 

• VPRTV should be administered under the supervision of a healthcare professional. VPRIV is 
a treatment that is given intravenously (by IV) every other week. The infusion typically takes 
up to 60 minutes. 

• Patients should be advised that VPRIV may cause hypersensitivity reactions or infusion- 
related reactions. Infusion-related reactions can usually be managed by slowing the infusion 
rate, treatment with medications such as antihistamines, antipyretics and/or corticosteroids, 
and/or stopping and resuming treatment with increased infusion time. Pre-treatment with 
antihistamines and/or corticosteroids may prevent subsequent reactions. Treatment with 
VPRTV should be carefully re-evaluated in the presence of significant evidence of 
hypersensitivity to the product [see Warnings and Precautions (5. L 5, 2)] , 



RxOnly 

VPRIV is manufactured by; 

Shire Human Genetic Therapies, Inc. 
700 Main Street 
Cambridge, MA 02139 

OnePath is a service mark and VPRIV is a trademark of Shire Human Genetic Therapies, Inc. 
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ABSTRACT 



The invention features a method of producing a high man- 
nose gracocerebrosidase (hroGCB) which includes: provid- 
ing a cell which is capable of expressing glucocerebrosidase 
(GCB). and allowing production of GCB having a precursor 
oligosaccharide under conditions which prevent the removal 
of al least one mannose residue distal to lhe pentasaccharide 
core of the precursor oligosaccharide of GCB. to thereby 
produce an hmXiCB preparation. Preferably, the condition 
which prevents the removal of at least one mannose residue 
distal to lhe pentasaccharide core is inhibition of a class 1 
processing mannosidase and/or a class 2 processing man- 
nosidase. The invention also features an hmGCB prepara- 
tion and methods of using an hmGCB preparation. 

63 Claims, 1 Drawing Sheet 
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HIGH MANNOSE PROTEINS AND endocyiosis. therebv treating Gaucher disease. Surprisingly, 

METHODS OF MAKING HIGH MANNOSE it was found that hmGCB uptake by macrophages was 

PROTEINS increased as compared lo uptake of GCB secreted from cells. 

Accordingly, in one aspect, the invention features a 
BACKGROUND OF THE INVENTION 5 method of producing a preparation of high mannose gluco- 

cerebrosidase (hmGCB). The method includes: 
Gaucher disease re an autosomal recessive lysosomal providing a cell which is capable of expressing GCB: and 
storage disorder cbaractenzed^by a efficiency in the lyso- allowi production ofGCB ^ a o)j osac . 

ZS^FZ f^ mS fZ iGa ? G ™ l y *? y2eS ™der conditions which prevLTremovaf of at 

the grycolrpid glucocerebroside that >s formed after degra- to least or* niannose residue disu,l to pentasaccharide core 

. * -j - an nmucti preparation, 

enzyme causes glucocerebroside lo accumulate in large i„^„„r™JT u *. ^™ , 

quantities in thelysosomes of phagocytic cells located inthe Jr 1^ t ^'1^ °? 15 T ' 

liver, spleen and bone marrow ofGaucher patients. Accu- ,5 VU f md ^ * * CeD " 

mulation of these molecules causes a range of clinical ,n * prcjcrrcd ^^xiimem, »hc removal of: one or more 

manifestations including splenomegalv. hepatomegalv. skel- a 12 "S"™* 5 ) <^«ial to The pentasaccharide core 

etal disorder, thrombocviopenia and .wmia. (BeutleV et al. ,s ^' cm ^ an « ^ mannose residue distal to the pen- 

Gaucher disease: In: The Metabolic and Molecular Bases of Iasa ^ ha " de core 15 P revenled: and ' or an « 16 mannose 

Inherited Disease (McGraw-Hill. Inc. New York. 1995) pp. 20 J^Urf-to the pentasaccharide core is prevented. 

2625-2639) . " Preferably, the removal of one or more a 1.2 mannose 

Treatments forpauentssuffe^^^ residues) distal to the pentasaccharide core is prevented, 

administration of analgesics for relief of bone pain, blood * n a P^erred embodiment, the method can include con- 
and platelet transfusions and. in some cases, splenectomy. deling the cell with a substance which prevents the removal 
John replacement is sometimes necessary for patterns who 25 wf al leasl one mann0! * residue distal to the pentasaccharide 
experience bone erosion. core 01 * e precursor oligosaccharide of GCB. e.g.. prevents 

Enzyme replacement iherapv with GCB has been used as removal of one or more a 1 .2-m2imose residue(s) distal to 
a treatment for Gaucher disease. Current treatment of the pentasaccharide core, an « 3 3 mannose residue distal to 
patients with Gaucher disease includes administration of a lbc pentasaccharide core and/or an cx 1,6 mannose residue 
carbohydrate remodeled GCB derived from human placenta 30 dlStaI 10 me pemasaccharide core. Preferably, the removal of 
or Chinese hamster ovary (CHO) cells transfecred with a one or nK>re a 1 2 mannose(s) residue distal to the pentasac- 
GCB expression construct and known as alglucerase or core is prevented. 

imigtneerase. respectively. The treatment is extremely 1° a preferred embodiment, the method includes contact - 
expensive in part because of the cost of removing sugars ^ ce ^ wrln a substance which prevents the removal of 

from GCB to expose the trimaunosy] core of complex 35 at feas1 Qoe ruannose residue distal to the pentasaccharide 
glycans in order to target the enzyme to mannose receptors core'«f iht? precursor oligosaccharide of (K7B. wherein the 
on cells of reticuloendotheliaJ origin. The scarcity of the substance is a mannosidase inhibitor. The mannosidase 
human placental tissue (in the case of alglucerase). complex inhibitor can be a class 1 processing mannosidase inhibitor, 
purification protocols, and the relatively large amounts of a class 2 processmg maimosidase m^^ 
the carbohydrate remodeled GCB required all contribute to -to 1 processing mannosidase inhibitor can be one or more of: 
the cost of the treatment. kifunensine. deoxyniannojirimycin, or a similar inhibitor. 

Preferably, the class 1 processing mannosidase inhibitor is 
SUMMARY OF THH INVHrTnON kifunensine. Useful class 2 processing mannosidase inhibi- 

tors can include one or more of: swainsonine, mannostatin. 
The invention is based, in part, on the discovery that bv 45 6-deoxy- 1 .4-dideoxy- 1 .4 -imino-D-manniiol (6-deoxy- 
preventing removal of one or more mannose residues distal DIM), and 6-deoxy-6-fruoro- 1 4-dideoxy- 1 .4-imino-D- 
from the pentasaccharide core of a preon^r oligosaccharide mannitol (6-deoxy-6-fluoro-DIM). Preferably, the class 2 
chain of a protein, e.g., a lysosomal storage enzyme, a high processing mannosidase inhibitor is swainsonine. 
mannose protein such as high mannose grococerebrosidnse In a preferred embodiment, a mannosidase inhibitor is 
(hmGCB) can be obtained. These high mannose proteins can 50 present at a concentration berween about 0.025 to 20.0 
be used to target the protein to cells which express mannose Pg/nil. 0.05 to 1 0 ug/ml. 0.05 to 5 ug/niL preferably berween 
receptors. Such cells can include cells of reticuloendothelial about 0.1 to 2.0 ug/ml. 

origin including macrophages, Kupfier cells and histiocytes. In a preferred embodiment the method further includes 
Thus, these high mannose proteins can be used, for example, cimtading the cell with a class 1 processing mannosidase 
to target delivery by receptor mediated mdocytosis to lyso- 55 inhibitor and a class 2 processing mannosidase iiihibilor. In 
somes to treat various lysosomal storage diseases. a preferred embodiment, the class 1 processing mannosidase 

In particular, hmGCB has been found to efficiently target inhibitor is present at a concentration between about 0.025 
mannose receptors. Mannose receptors are present on mac- to 20.0 ug/ml, 0.05 to 1 0 ug/mJ. 0.05 to 5 ug/ml preferably 
rophages and other cells, e.g- dendritic cells, carxfiomyo- berween about 0.1 to 2.0 pg/ml; the class 2 processing 
cytes and glial cells, and are instrumental in receptor- 60 mannosidase inhibitor h present at a concenlralion between 
mediated endocytosis. The absence of GCB in patients with about 0.025 to 20.0 pg/ml. 0.05 10 10 pg/mL 0.05 to 5 pg/ml. 
Gaucher disease leads to accumulation of glucocerebroside, preferably between about 0.1 to 2.0 pg/ml: each of the class 
primarily in cells of reticuloendothelial origin including 1 processing and class 2 processing mannosidase inhibitors 
macrophages, Kupfier cells and histiocytes. Because these are present at a concentration berween about 0.025 to 20.0 
cells express mannose receptors on their surface. hmGCB 65 pg/ml, 0.05 to 10 ug/ml. 0.05 to 5 ug/ml. preferably between 
can be used to effectively target delivery of a corrective about 0.1 to 2.0 pg/ml: the total concentration of the class 1 
enzyme to the lysosomes through receptor-mediated processing and class 2 processing mannosidase inhibitors 
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present is between about 0.025 to 40.0 ug/ml, 0.05 to 20 
ug/ml, 0.05 to lOjig^iiKpreferablybetweenabomO-l to 4:0 
ug/nii. 

In a preferred embodiment, the cell carries a mutation for, 
eg., a knockout for. at least one Golgj processing mannosi- 5 
dase. The mutation can be one which reduces the expression 
of the gene, reduces protein or activity levels, or ahers the 
distribution or other post translational modifications of the 
rnannosidase. e.g., the processing of the carbohydrate 
chains. Jlie mutation can be one whichNrednces the level of 10 
the Golgi processing mannosidase activity, e.g^ one which 
reduces gene expression, e.g., a null mutation- e.g.. a dele- 
tion, a frameshift or an insertion. In a preferred embodiment 
the mutation is a knockout, e.g., in the mannosidase gene. 
The mutation can affect the structure (and activity of the J5 
protein), and can. e.g.. be a temperature sensitive mutation 
or a truncation. In a preferred embodiment, the cell carries 
a mutation, e.g., a knockout, for: a class I processing 
mannosidase: a class 2 processing mannosidase: a class 1 
processing mannosidase and a class 2 processing mannosi- 20 
dase. In a preferred embodiment, the class 1 processing 
mannosidase is: Golgi mannosidase LA; Golgi mannosidase 
IB: Golgi mannosidase 1C: or combinations thereof. In a 
preferred embodiment, the class 2 processing mannosidase 
is; Golgi mannosidase II. 25 

In a preferred embodiment, the cell includes a nucleic acid 
sequence, such as an antisense molecule or rihn2yme, which 
can bind to or inactivate a cellular mannosidase nucleic acid 
sequence, e.g;. mRNA, and inhibit expression, of the protein. 
In a preferred embodiment the nucleic acid sequence is: a 30 
class 1 processing mannosidase antisense molecule; a class 
2 processing mannosidase antisense molecule: both a class 
1 processing mannosidase antisense molecule and a class 2 
processing mannosidase antisense molecule. In a preferred 
embodiment, the class 1 processing mannosidase is: Golgi 35 
mannosidase IA: Golgi mannosidase IB: Golgi mannosidase 
1C: and combinations thereof. In a preferred embodiment, 
the class 2 processing mannosidase is: Golgi mannosidase 

In a preferred embodiment, the cell includes a molecule, 40 
e.g., an cxogcnously supplied molecule, which binds and 
inhibits a mannosidase. The molecule can be, e.g., a single 
chain antibody, an intracellular protein or a competitive or 
non-competitive inhibitor. 

In a preferred embodiment, the hmGCB molecule 45 
includes a carbohydrate chain having at least four mannose 
residues. For example, the molecule has at least one carbo- 
hydrate chain having five mannose residues, the hmGCB 
molecule has at least one carbohydrate chain having six 
mannose residues, the hmGCB molecule has at least one 50 
carbohydrate chain having seven mannose residues, the 
hmGCB molecule has at least one carbohydrate chain hav- 
ing eight mannose residues, the hmGCB molecule has at 
least one carbohydrate chain having nine mannose residues. 
Preferably, the hmGCB molecule has at least one carbohy- 55 
dratc chain having five, eight or nine mannose residues. 

In a preferred embodiment the hmGCB produced (either 
one or more hmGCB molecules or the preparation as a 
whole) has a ratio of mannose residues to GlcNAc residues 
which is greater than 3 mannose residues to 2 GlcNAc 60 
residues, preferably the ratio of mannose to GlcNAc is 4:2, 
5:2, 6:2, 7:2, 8:2. 9:2; more preferably the ratio of mannose 
to GlcNAc is 5:2, 8.2 or 9:2. 

In a preferred emrxKliment, the removal of one or more 
mannose residues distal to the pentasaccharide core is pre- 65 
vented on one, two, three or four of the carbohydrate chains 
of an hmGCB molecule. 



In a preferred embodiment at least 30%. 40%. 50%. 60%. 
70%, 75%. 80%, 85%, 90%, 95%. 98%. 99% or all of the 
hmGCB molecules of the preparation have at least one, and 
preferably two, three or four carbohydrate chains in which 
the removal of one or more mannose residues distal to the 
pentasaccharide core has been prevented. 

In a preferred embodiment, the hmGCB preparation is a 
relatively heterogeneous preparation. Preferably. less than 
80%, 70%, 60%, 50%, 45%, 40%, 35%. 30%, 25%. 20%. 
15%, 10%, 5% or 1% of the carbohydrate chains in the 
hmGCB preparation have the same number of mannose 
residues in addiiion to the pentasaccharide core. For 
example, the ratio of carbohydrate chains having the same 
number of mannose resides in addition to the pentasaccha- 
ride core to carbohydrate chains having a different number 
of mannose residues can be about 60%;40%: 50%:50%: 
40%:60%: 30%:7O%; 25%:75%; 20%:80%: 15%:S5%: 
!0%:90%: 5% or less:95% or more. 

In a r^eferred embodiment activity of Golgi mannosidase 
IA and/or IB and/or 1C is inhibited and at least about 60%. 
70%, 75%, 80%, 85%, 90%, 95%, 98%. 99% or 100% of the 
carbohydrate chains in the hmGCB preparation have five or 
more mannose residues, e.g- five, six, seven, eight and/or 
nine mannose residues. In a preferred embodiment activity 
of Golgi mannosidase 1 is inhibited and the ratio of carbo- 
hydrate chains having five or more mannose residues to 
carbohydrate chains having four or less mannose residues is 
about 60%:40%: 70%:30%: 75%:25%: 80%:20%: 85%: 
15%: 90%:10%: 95%:5%: 99%: 1%: or 100%:0%. 

In a preferred embodiment activity of Golgi mannosidase 
II is inhibited and at least about 60%. 70%. 75%. 80%. 85%. 
90%, 95%, 98%, 99% or 100% of the carbohydrate chains 
in the hmGCB preparation have five or more mannose 
residues. c.g_ five, six, seven, eight and/or nine mannose 
residues. In a preferred embodiment, activity of Golgi 
mannosidase II is inhibited and the ratio of carbohydrate 
chains having five or more mannose residues to carbohy- 
drate chains having four or less mannose residues is about 
60%:40%; 70%:30%; 75%:25%: 80%:20%: 85%: 15%: 
90%:10%: 95%:5%; 99%:1%: or I00%:0%. 

In a preferred embodiment the cell includes an exog- 
enous nucleic acid sequence which includes a GCB coding 
region. In a preferred embodiment, the cell further includes 
a regulatory sequence, an endogenous or exogenous regu- 
latory sequence, which functions to regulate expression of 
the exogenous GCB coding region. 

In a preferred embodiment the cell includes an exog- 
enous regulatory sequence which functions to regulate 
expression of an endogenous GCB coding sequence, e.g.. 
the regulatory sequence is integrated into the genome of the 
cell such that it regulates expression of an endogenous GCB 
coding sequence. 

In a preferred embodiment the regulatory sequence 
includes one or more of: a promoter, an enhancer, an 
upstream activating sequence (UAS). a scafibld-anachment 
region or a transcription faaor-binding site. In a preferred 
embodiment the regulatory sequence includes: a regulatory 
sequence from a metallothioneuv) gene. e.g_ a mouse 
metallothionein-l gene, 3 regulatory sequence from an 
SV-40 gene, a regulatory sequence from a cytomegalovirus 
gene, a regulator)' sequence from a collagen gene, a regu- 
latory sequence from an act in gene, a regulatory sequence 
from an immuroglobulin gene, a regulatory sequence from 
the HMG-CoA reductase gene, or a regulatory sequence 
from the EF-Ia gene. 

In a preferred embodiment, the cell is: a eukaryotic celt 
In a preferred embodiment the cell is of fungal, plant ox 
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animal origin, e.g.. vertebrate origin. In a preferred embodi- preventing the removal of at least one marmose residue 
ment the cell is: a mammalian cell, e.g^ a primary or distal to the pentasaccharide core of the precursor obaosac- 
secondary mammalian ceil. e.g„ a fibroblast, a hematopoi- cfaaride of GCB. Id a preferred embodiment the substances 
etic stem cell, a myoblast, a keratinocyte, an epithelial cell. prevent removal ofoneormore a 1 .2 mannose residue distal 
an endothelial cell a glial cell, a neural ccIL a cell compris- 5 to the pentasaccharide corc 

ing a formed element of the blood, a muscle cell and In a preferred embodiment, the method includes contact - 
precursors of these somatic cells: a transformed or immor- ing the cell with a substance which inhibits a class 1 
talized cell line. Preferably, the cell is a human cell. processing mannosidase activity and a substance which 
Examples of immortalized human cell lines useful in the inhibits a class 2 processing mannosidase activity, wherein 
present method include, but are not limited to: a Bowes 10 the substances are a class 1 processing mannosidase inhibi- 
Melanoma cell (ATCC Accession No. CRL 9607). a Daudi tor and a class 2 processing mannosidase inhibitor. In a 
cell (ATCC Accession No. CCL 213). o HeLa cell and a preferred embodiment, the class 1 processing mannosidase 
derivative of a HeLa cell (ATCC Accession Nos. CCL2 inhibitor can be one or more of: kifunensine. deoxvman- 
CCL2.1 and CCL 2.2), a HL-60 cell (ATCC Accession No. ncgirimycin, or a similar inhibitor. Preferably, the class 1 
CCL 240), an HT-1080 cell (ATCC Accession No. CCL 15 processing mannosidase inhibitor is kifunensine. In a pre- 
121). a Jurkat cell (ATCC Accession No. TIB 152), a KB ferred embodiment, the class 2 processing mannosidase 
carcinoma cell (ATCC Accession No. CCL 1 7). a K-562 inhibitor can be one or more of: swainsonine. mannostatin, 
leukemia cell (ATCC Accession No. CCL 243), a MCF-7 6-deoxy-DlM, and 6-deoxy-6-fluoro-DlM. Preferably, the 
breast cancer cell (ATCC Accession No. BTH 22X a class 2 processing mannosidase inhibitor is swainsonine. 
MOLT-4 ceil (ATCC Accession No. 1 582), a Namalwa cell 30 In a preferred embodiment, a class 1 processing mannosi- 
(ATCC Accession No. CRL J 432), a Raji cell (ATCC dase inhibitor is present ai a concentration between about 
Accession No. CCL 86), a RPIvfl 8226 cell (ATCC Acces- 0.025 to 20.0 ug/ml. 0.05 to 10 us/ml. 0.05 to 5 ug/ml. 
sion No. CCL 155), a U-937 ceil (ATCC Accession No. preferably between about 0.1 to 2.0 ug/ml: a class 2 pn> 
1 593), WI-2SVA1 3 sub line 2R4 cells (ATCC Accession No. cessing mannosidase inhibitor is present at a concentration 
CLL 155X a CCRF-CEM ceil (ATCC Accession No. CCL 25 between about 0.025 to 20.0 pg/ml 0.05 to 70 ug/ml- 0.05 
1 19) and a 2780AD ovarian carcinoma cell (Van Der Blick to 5 pg/ml, preferably between about 0.1 to 2.0 ua/ml : each 
et al_ Cancer Res. 48:5927-5932, 3 988). as u el! as hetero- of the class I p™**sing and class 2 processing mannosidase 
hyhridoma cells produced by fusion of human cells and cells inhibitors are present at a concentration between about 0.025 
of another species. In another embodiment, the immortalized to 20.0 ug/ml, 0.05 to 1 0 pg/ml. 0.05 to 5 ug/ml. preferably 
cell line can be cell line other than a human cell line, e.g„ 30 between about 0.1 to 2.0 ug/ml: the total concentration of the 
a CHO cell line, a COS ceil line. In another embodiment, the class 1 processing and* class 2 processing mannosidase 
cell can be a from a clonal cell strain or clonal cell line. inhibitors present is between about 0.025 to 40.0 ug/ml, 0.05 

In a preferred embodiment, a population of cells which to 20 ug/ml. 0.05 to 30 pg/ml, preferablv between about 0.1 
are capable of expressing hmGCB is provided, and at least to 4.0 pa/ml. 

30%, 40%, 50%, 60%, 70%, 75%, 80%, 85%, 90%, 95%. 35 In a preferred embodiment, the cell carries a mutation for, 
98%. 99% or all of the cells produce hmGCB molecules e.g., a knockout for, a class 1 mannosidase and a class 2 
with at least one carbohydrate chain, and preferably two, mannosidase. The mutation can be one which reduces the 
three, or four carbohydrate chains, having the specified expression of the gene, reduces protein or activity levels, or 
number of mannose residues. a hers the distribution or other post iransJaiionai modifica- 

m a preferred embodiment, the cell is cultured in culture 40 tions of the mannosidase. e.g.. the processing of the carbo- 
medium which includes at least one mannosidase inhibitor hydrate chains. The mutation can be one which reduces the 
3n a preferred embodiment, the method farther includes level of a class I processing mannosidase and/or a class 2 
obtaining the hmGCB from the medium in which the cell is processing mannosidase activity, e.g., one which reduces 
cultured. gene expression. e.g~ a null mutation. e.e~ a deletion, a 

In another aspect, the invention features a method of *s frameshift, or an insertion. In a preferred embodiment, the 
producing a preparation or hmGCB. 17)e method includes: mutation is a knockout in the rnanmisidase gene. The 

providing a cell which is capable of expressing GCB: and mutation can aflect the structure (and activity of the protein). 

altowmgproduaion of GCB having a precursor oligosac- and can. e.g.. be a icmperarure sensitive mutant. In a 
charide under conditions which inhibit class I processing preferred embodiment, the class 1 processing mannosidase 
mannosidase activity and class 2 processing mannosidase 50 h: Golgi mannosidase IA: Golgi mannosidase IB: Golgi 
activity such that the removal of at least, one mannose mannosidase 1C: combinations thereof. In a preferred 
residue distal to the pentasaccharide core of the precursor embodiment, the class 2 processing mannosidase is: Golgi 
oligosaccharide of GCB is prevented, to 1 hereby produce an mannosidase I L 

hmGCB preparation. | n a preferred embodiment, the cell includes both a class 

In a preferred embodiment, the GCB is human GCB. In a 55 1 processing mannosidase anti sense molecule and a class 2 
preferred embodiment, the cell is a human cell. processing mannosidase antisense molecule. In a preferred 

In a preferred embodiment, the removal of: one or more embodiment the class 1 processing mannosidase is: Golgi 
a 1,2 mannose residues) distal to the pentasaccharide core mannosidase LA: Golgi mannosidase IB; Golgi mannosidase 
is prevented; an a 13 mannose residue distal to the pen- IC: combinations thereof. In a preferred embodiment, the 
tasaccbaride core is prevented: and/or an a 1.6 mannose 60 class 2 processing mannosidase is: Golgi mannosidase II. 
residue distal to the pentasaccharide core is prevented. In a preferred embodiment, the cell includes a molecule, 

Preferably, the removal of one or more a 1 3 mannose c.g_ an exogenously supplied molecule which binds and 
rcsidue(s) distal to the pentasaccharide core is prevented. inhibits a mannosidase. The molecule can be, eg- a single 
In a preferred embodiment, the method can include: chain antibody, an intracellular protein or a competitive or 
contacting the cell with a substance which inhibits a class 1 65 non-competitive inhibitor. 

processing mannosidase activity and a substance which In a preferred embodiment, the class 1 processing man- 
inhibits a class 2 processing mannosidase activity thereby nosidase activity and the class 2 mannosidase activity can be 
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inhibited by different mechanisms. For example, a class 1 
processing mannosidase activity can be inhibited by con- 
tacting the cell with a substrate which inhibits a class 3 
processing mannosidose. e.g, a class 1 mannosidase inhibi- 
tor, and the class 2 processing mannosidase can be inhibited 
by using a cell which is a knockout of a class 2 mannosidase 
and/or includes a class 2 mannosidase amisense molecule. In 
another preferred embodiment a class 2 processing man- 
nosidase activity can be inhibited by contacting the cell with 
a substrate which inhibits a class 2 processing mannosidase. 
e.g.. a class 2 mannosidase inhibitor, and the class 1 pro- 
cessing mannosidase can be inhibited by using a cell which 
is a knockout of a class 1 mannosidase and/or includes a 
class 1 mannosidase an ti sense molecule. 

In a preferred embodiment, the hmGCB molecule 
includes a carbohydrate chain having at least four manuose 
residues. For example, the hmGCB molecule has at least one 
carbohydrate chain having five mannose residues, the 
hmGCB molecule has at least one carbohydrate chain hav- 
ing six mannose residues, the hmGCB molecule has at least 
one carbohydrate chain having seven mannose residues, the 
hmGCB molecule has at least one carbohydrate chain hav- 
ing eight mannose residues, the hmGCB molecule has at 
least one carbohydrate chain having nine mannose residues. 
Preferably, the hmGCB molecule has at least one carbohy- 
drate chain having live, eight or nine mannose residues. 

In a preferred embodiment, the hmGCB produced (either 
one or more hmGCB molecules or the preparation as a 
whole) has a ratio of mannose residues to GlcNAc residues 
which is greater than 3 mannose residues to 2 GlcNAc 
residues, preferably the ratio of mannose to GlcNAc is 4:2. 
5:2. 6:2. 7:2. 8:2. 9:2. more preferably the ratio of mannose 
to GlcNAc is 8:2 or 9:2. 

In a preferred embodiment the removal of one or more 
mannose residues distal to the pentasaccharide core is pre- 
vented on one. two. three or four of the carbohydrate chains 
of the hmGCB molecule. 

. In a preferred embodiment, at least 30%> 40%. 50%, 60%. 
70%, 75%, 80%, 85%, 90%, 95%, 98%, 99% or all of the 
hmGCB molecules of the preparation have at least one. and 
preferably two. three or four carbohydrate chains in which 
the removal of one or more mannose residues distal to the 
pentasaccharide core has been prevented. 

In a preferred embodiment, the hmGCB preparation is a 
relatively heterogeneous preparation. Preferably, less than 
80%, 70%, 60%, 50%, 45%, 40% 7 35%, 30%, 25%. 20%, 
15%, 10% 5% or 1% of the carbohydrate chains in the 
hmGCB preparation have the same number of mannose 
residues in addition to the pentasaccharide core. For 
example, the ratio of carbohydrate chains having the same 
number of mannose resides in addition to the pentasaccha- 
ride core to carbohydrate chains having a different number 
of mannose residues can be about: 60%:4fJ%: 5O%:50%; 
40%:6O%: 30%:70%; 25%:75%; 20%;80%;' 15%:85%; 
10%:90%; 5% or lcss:95% or more. 

In a preferred embodiment, activity of a class 1 processing 
mannosidase, e.g., Golgi mannosidase 1A and/or Golgi man- 
nosidase IB and/or Golgi mannosidase IC. and activity of a 
class 2 processing mannosidase. e.g., Golgi mannosidase H, 
are inhibited and at least about 60%. 70%. 75%. 80%, 85%, 
90%, 95%, 98%, 99% or 100% of the carbohydrate chains 
in the hmGCB preparation have five or more mannose 
residues, e.g., five, six, seven, eight and/or nine mannose 
residues. In a preferred embodiment, activity of a class 1 
processing mannosidase, e.g.. Golgi mannosidase IA and/or 
Golgi mannosidase IB and/or Golgi mannosidase 1C, and 
activity of a class 2 processing mannosidase, e.g., Golgi 
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mannosidase 1L are inhibited and the ratio of carbohydrate 
chains having five or more mannose residues to carbohy- 
drate chains having four or less mannose residues, respec- 
tively, is about 60%:40%; 70%:30%: 75%:25%: 80%:20%: 
5 85%:15%: 90%:10%: 95%:5%: 99%:1%: or J00%:0%. 
In a preferred embodiment, the cell includes an exog- 
enous nucleic acid sequence which includes a GCB coding 
region. In a preferred embodiment, the cell further includes 
a regulator)- sequence, an endogenous or exogenous regu- 
10 latory sequence, which functions to regulate expression of 
the exogenous GCB coding region. 

In a preferred embodiment, the cell includes an exog- 
enous regulatory sequence which functions to regulate 
expression of an endogenous GCB coding sequence, e.g., 
15 the regulator)' sequence is integrated into the genome of the 
cell such that it regulates expression of an endogenous GCB 
coding sequence. 

In a preferred embodiment, the regulatory sequence 
includes one or more of: a promoter, an enhancer, an 
20 upstream activating sequence (UASX a scaffold-attachment 
region or a transcription factor-binding site. In a preferred 
embodiment, the regulatory sequence includes: a regulator)' 
sequence from a metallothionein-I gene, e.g., a mouse 
metaHothionem-I gene, a regulatory sequence from an 
25 SV-40 gene, a regulatory sequence from a cytomegalovirus 
gene, a regulatory sequence irom a collagen gene, a regu- 
latory sequence from an actin gene, a regulatory sequence 
from an irnmunoglobulin gene, a regulatory sequence from 
the HMG-CoA reductase gene, or a regulatory sequence 
30 from the EF-lct gene. 

In a preferred embodiment, the cell is- a eukaryotic ceJJ. 
In a preferred embodiment, the cell is of fungal, plant or 
animal origin, e.g., vertebrate origin. In a preferred embodi- 
ment, the cell is: a mammalian cell, e.g., a primary or 
35 secondary mammalian cell, eg., a fibroblast, a hematopoi- 
etic stem cell, a myoblast, a keratinocyte, an epithelial cell, 
an endothelial cell, a glial celL a neural celL a cell compris- 
ing a formed element of the blood, a muscle cell and 
precursors of these somatic cells; a transformed or immor- 
40 talized cell line. Preferably, the cell is a human cell. 
Examples of immortalized human cell lines useful in the 
present method include, but are not limited to: a Bowes 
Melanoma cell (AXCC Accession No. CRL 9607), a Daudi 
cell (ATCC Accession No. CCL 213), a HeLa cell and a 
45 derivative of a HeLa cell (ATCC Accession Nos. CCL2 
CCL2.1 and CCL 22\ a HL-60 cefl (ATCC Accession No. 
CCL 240X an HT-1080 cell (ATCC Accession No. CCL 
121), a Jurkat cell (ATCC Accession No. TIB 152), a KB 
carcinoma eel! (ATCC Accession No. CCL 17). a K-562 
50 leukemia cell (ATCC Accession No. CCL 243), a MCF-7 
breast cancer cell (ATCC Accession No. BTH 22X a 
MOLT-4 cell (ATCC Accession No. 1522% a Namahva cell 
(ATCC Accession No. CRL 1432). a Raji cell (ATCC 
Accession No. CCL 86), a RPMI 8226 cell (ATCC Acces- 
55 sion No. CCL 155), a U-937 cell (ATCC Accession No. 
1 593), W-28VA13 sub line 2R4 cells (ATCC Accession No. 
CLL 155), a CCRF-CEM cell (ATCC Accession No. CCL 
1 1 9) and a 2780AD ovarian carcinoma cell (Van Der Blick 
• el aU Cancer Res. 48:5927-5932, I988X as well as hetero- 
60 hybridoma cells produced by fusion of human cells and cells 
of another species. 1 n another embodiment, the immortalized 
cell line can be cell line other than a human cell line. e.g.. 
a CHOccll line, a COS cell line. In another embodiment, the 
cell can be from a clonal cell strain or clonal cell line. 
65 In a preferred embodiment a population of cells which 
are capable of expressing hmGCB is provided, and at least 
30%, 40%, 50%, 60%, 70%, 75%, 80%, 85°A 90%, 95%. 
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98%, 99% or aD of the cells produce hmGCB with at least 1 processing and class 2 processing mannosidase inhibitors 
one carbohydrate chain, preferably two. three, or four car- are present at a concentration between about 0.025 to 20.0 
bohydrale chains, having the specified number of mannose ug/ml- 0.05 to 1 0 ug/ml, 0.05 to 5 ug/ml preferably between 

residues, about 0. 1 to 2.0 pg/ml:- the totaj cohcentraiion of the class 1 

In a preferred embodiment, the cell is cultured in a culture 5 processing and class 2 processing mannosidasc inhibitors 

medium which includes at least one class 1 processing present is between about O.G25 to 40.0 ug/ml. 0.05 to 20 

mannosidase inhibitor and at least one class 2 processing ug/ml, 0.05 to 10 ug/ml. preferably between about 0.1 to 4.0 

mannosidase inhibitor. In a preferred embodiment, the ug/mL 

niethod further includes obtaining the hmGCB from the In a preferred embodiment, the cell carries a mutation for. 

medium in which the cell is cultured. io e.g.. a knockout for at least one mannosidase. The mutation 

In another aspect, the invention features a method of can be one which reduces the expression the gene, reduces 

producing a preparation of hmGCB. The method includes: protein or activity levels, or niters the distribution or other 

providing a cell into which a nucleic acid sequence post translaiional modifications of the mannosidase. e.g.. the 
comprising an exogenous regulatory sequence has been processing of the carbohydrate chains. The mutation can be 
introduced such that the regulatory sequence regulates the j? one which reduces the level of the Golgi processing man- 
expression of an endogenous GCB coding region; and nosidase activity. e.g.. one which reduces gene expression, 

allowing production ofGCBhavmg a e.g.. a null mutation, e.g.. a deletion, a frameshifi or an 

charide under conditions which prevent the removal of at insertion. In a preferred embodiment the mutation is a 

least one mannose residue distal to the pentasaccharide core knockout, e.g. . in the mannosidase gene The mutation can 

of the precursor oligosaccharide of GCB.. to thereby produce 20 affect the structure (and activity of the protein), and can. e.&, 

an hmGCB preparation. be a temperature sensitive mutation or a truncation. In a 

In a preferred embodiment, the GCB is human GCB. preferred embodiment the cell carries a mutation, e.g.. a 

In a preferred embodiment the removal ofr one or more knockout for a class 1 processing mannosidase: a class 2 

a 1,2 mannose residue(s) distal to the pentasaccharide core processing mannosidase; a mutant, e.g., a knockout- for a 

is prevented; an a 13 mannose residue distal to the pen- 25 class 1 processing mannosidase and a class 2 processing 

tasaccharide core is prevented; and/or an a 1,6 mannose mannosidase. In a preferred embodiment the class J pro" 

residue distal to the pemasaccharide core is prevented cessing monncsidase is: Go]gi riiajiiiusidase IA: Goigi man- 

Preferabry. the removal of one or more a 1.2 mannose nosidase IB: Golgi mannosidase 1C; or combinations 

residues) distal to the pentasaccharide core is prevented. thereof. In a preferred embodiment,, the class 2 processing 

In a preferred embodiment, the method can include con- 30 mannosidase is: Golgi mannosidase II. 

tacting the cell with a substance which prevents the removal Jn a preferred embodiment, the cell includes a nucleic acid 

of at least one mannose residue distal to the pentasaccharide sequence, such as an anlisense molecule or ribozyme. which 

core of the precursor oligosaccharide of GCB, e.g., prevents can bind to or inactivate a cellular mannosidase nucleic acid 

removal of one or more a 1 £. mannose rcsidue(s) distal to sequence, eg., mRNA, and inhibit expression of the protein, 

the pentasaccharide core, an a 1 ,3 mannose residue distal to 35 In a preferred embodiment the nucleic acid sequence is: a 

the pentasaccharide core and/or an a 1,6 mannose residue class 1 processing mannosidase anlisense molecule; a class 

distal to the pentasaccharide core. Preferably, the removal of 2 processing mannosidase anlisense molecule: both a class 

one or more a 1 2 mannosefs) residtie distal to the pen ta sac- 1 processing mannosidase antisense molecule and a class 2 

charide core is prevented. processing mannosidase antisense molecule, in a preferred 

In a preferred embodiment, the method includes contact- 40 embodiment, the class 1 processing mannosidase is: Golgi 

ing the cell with a substance which prevents the removal of mannosidasc 1A; Golgi mannosidase IB: Golgi mannosidase 

at least one mannose residue distal to the pentasaccharide 1C: combinations thereof. In a preferred embodiment the 

core of the precursor oligosaccharide of GCB, and the class 2 processing mannosidase is: Golgi mannosidase 11. 

substance is a mannosidase inhibitor. The mannosidase In a preferred embodiment, the cell includes a molecule, 

inhibitor can be a class 1 processing mannosidase inhibitor, 45 e.g^ an exogenously supplied molecule, which binds and 

a dass 2 processing mannosidase inhibitor or both. The class inhibits a mannosidase. The molecule can be. e.g., a single 

1 processing mannosidase inhibitor can be one or more of: chain antibody, an intracellular protein or a competitive or 
kifunensine, deoxymannojirimycin, or a similar inhibitor. non-compctitivc inhibitor. 

Preferably, the class 1 processing mannosidase inhibitor is In a preferred embodiment the hmGCB molecule 

kifunensine. Useful class 2 processing mannosidase inhibi- so includes a carbohydrate chain having at least four mannose 

tors can include one or more of: swainsonine, mannostatin. residues. For example, the hmGCB molecule has at least one 

6^deoxy-DIM. 6-deoxy-6-f]iioro-DIM. Preferably, the class carbohydrate chain having five mannose residues, the 

2 processing mannosidase inhibitor is swainsonine. hmGCB molecule has at least one carbohydrate chain bav- 
in a preferred embodiment a mannosidase inhibitor is ing six mannose residues, the hmGCB molecule has at least 

present at a concentration between about 0.025 to 20.0 55 one carbohydrate chain having seven mannose residues, the 

pg/ml, 0.05 to 10 ug/ml. 0.05 to 5 ug/ml. preferably between hmGCB molecule has at least one carbohydrate chain hav- 

about 0.1 to 2.0 ug/ml. ing eight mannose residues, the hmGCB' molecule has at 

In a preferred embodiment the method further includes least one carbohydrate chain having nine mannose residues, 

contacting the cell with a class 1 processing mannosidase Preferably, the hmGCB molecule has at least one carbohy- 
inhibilor and a class 2 processing mannosidase inhibitor. In 60 drate chain having five, eight or nine mannose residues. " 

a preferred embodiment a class 1 processing mannosidase In a preferred embodiment the hmGCB produced (either 

inhibitor is present at a concentration between about 0.025 one or more hmGCB molecules or the preparation as a 

to 20.0 pg/ml, 0.05 to 1 0 ag/ml, 0.05 to 5 ug/ml, preferably whole) has a ratio of mannose residues to GlcNAc residues 

between about 0.1 to 2.0 pg'ml; a class 2 processing man- which is greater than 3 mannose residues to 2 GlcNAc 
nosidase inhibitor is present at a concentration between 65 residues, preferably the ratio of mannose to GlcNAc is 4:2, 

about 0.025 to 20.0 ug/ml, 0.05 to 1 0 ug/ml, 0.05 to 5 pg/ml, 5;2 ; 6:2, 7:2. 8:2, 9:2. more preferably the ratio of mannose 

preferably between about 0.1 to 2.0 pg/ml; each of the dass to GlcNAc is 5:2, 8:2 or 9:2. 
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In a preferred embodiment the removal of one or more 
mannose residues distal to the pentasaccharide core is pre- 
vented on one. two. three or four of the carbohydrate chains 
of the hmGCB molecule 

In a preferred embodiment, at least 30%. 40%. 50%. 60%. 
70% 75%, $0%, 85%, 90%, 95%, 98%. 99% or all of the 
hmGCB molecules of the preparation have at least one. and 
preferably two. three or four carbohydrate chains in which 
the removal of one or more mannose residues distal to the 
pentasaccharide core has been prevented. 

In a preferred embodiment, the hmGCB preparation is a 
relatively heterogeneous preparation. Preferably, less than 
80%. 70% 60% r 50%, 45%, 40%. 55%, 3056/25%, 20%, 
15%. 10%. 5% or 1% of the carbohydirate chains in the 
hmGCB preparation have the same number of mannose 
residues in addition to the pentasaccharide core. For 
example, the ratio of carbohydrate chains having the same 
number of mannose resides in addition to the pentasaccha- 
ride core to carbohydrate chains having a different number 
of mannose residues can be about: 60%:40%: 50%:50%: 
40%:60%: 30%:70%: 25%:75%: 20%:80%: I5%:85%: 
1 0%:90%; 5% or Iess:95% or more. 

Id a preferred embodiment, activity of Golgi mannosidase 
1A and/or IB and/or IC is inhibited and at least about 60%. 
70%, 75%, 80%, 85%, 90%, 95%, 98%, 99% or J 00% of the 
carbohydrate chains in the hmGCB preparation hove five or 
more mannose residues; e g., five. six. seven, eight, and/or 
nine mannose residues. In a preferred embodiment, activity 
of Golgi mannosidase 1 is inhibited and the ratio of carbo- 
hydrate chains having five or more mannose residues to 
carbohydrate chains having four or less mannose residues is 
about 60%:40%: 70%:30%; 75%:25%: 80%:20%: 85%: 
15%: 9O%:30%: 95%:5%: 99%:I%: or )00%:0%. 

In a preferred embodiment, activity of Golgi mannosidase 
31 is inhibited and at least about 60%. 70%. 75%. 80%. 85%. 
90% 95%, 98%, 99% or 100% of the carbohydrate chains 
in the hmGCB preparation have five or more mannose 
residues. In a preferred embodiment activity of Golgi 
mannosidase lj is inhibited and the ratio of carrxmydnm? 
chains having five or more mannose residues to carbohy- 
drate chains having four or less mannose residues is about 
60%:40%: 70%30%; 75%:25%: 80%:20%: $5%:15%: 
90%:10%; 95%:5%: 99%:)%; or 100%:0%. 

In a preferred embodiment, the regulatory sequence 
includes one or more of: a promoter, an enhancer, an 
upstream activating sequence (LIAS), a scalTold-aitachment 
region or a transcription factor-binding site In a preferred 
embodiment, the regulatory sequence includes: a regulatory 
sequence from a rnetalk>thionein-) gene eg., a mouse 
metallothionein-l gene a regulatory sequence from an 
SV-40 gene, a regulatory sequence from a cytomegalovirus 
gene, a regulatory sequence from a collagen gene, a regu- 
latory sequence from an actin gene, a regulatory sequence 
from an immunoglobulin gene, a regulatory sequence from 
the HMG-CoA reductase gcne T or a regulatory sequence 
from the EF-la gene. 

In a preferred embodiment the cell is: a eukaryotic celL 
In a preferred embodiment the cell is of fungaL plant or 
animal origin, eg., vertebrate origin. In a preferred embodi- 
ment the cell is: a mammalian cell. e.g„ a primary or 
secondary mammalian cell, eg^ a fibroblast, a hernatopoi- 
etic stem cell, a myoblast a keratinocytc, an epithelial cdL 
an endothelial ccU, a glial ccfl. a neural cell, a cell compris- 
ing a formed element of the blood, a muscle eel) and 
precursors of these somatic cells; a transformed or immor- 
talized cell line. Preferably, the cell is a human cell. 
Examples of immortalized human cell lines useful in the 
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present method include, but are not limited to: a Bowes 
Melanoma cell (ATCC Accession No. CRL 9607). a Daudi 
cell (ATCC Accession No. CCL 233), a HeLa eel) and a 
derivative of a HeLa cell (ATCC Accession Nos. CCL2 ? 
5 CCL2.1 and CCL 22). a HL-60 cell (ATCC Accession No. 
CCL 240), an HT-I080 cell (ATCC Accession No. CCL 
)21), a Jurical cell (ATCC Accession No. TIB 152). a KB 
carcinoma cell (ATCC Accession No. CCL 17). a K-562 
leukemia cell (ATCC Accession No. CCL 243), a MCF-7 
to breast cancer cell (ATCC Accession No. B'irl 22). a 
MOLT-4 cell (ATCC Accession No. 1582). a Namalwa cell 
(ATCC Accession No. CRL 1432). a Raji cell (ATCC 
Accession No. CCL 86). a RPMI 8226 cell (ATCC Acces- 
sion No. CCL 155% a U-937 cell (ATCC Accession No. 
is 1593), W1-2SYA13 sub line 2R4 ceils (ATCC Accession No. 
CLL 155), a CCRF-CEM cell (ATCC Accession No. CCL 
) 1 9) and a 278OA0 ovarian carcinoma cell (Van Der Blick 
et al ? Cancer Res. 48:5927-5932, 1988). as well as hetero- 
hybridoma cells produced by fusion of human cells and cells 
20 of another species. In another embodiment, the immortalized 
cell line can be cell line other than, a human cell line, eg., 
a CHO cell line, a COS cell line. In another embodiment the 
cell can be from a clonal cell strain or clonal cell line. 
In a preferred embodiment a population of cells which 
?5 are capable of expressing hmGCB is provided, and at least 
30%. 40%. 50%, 60%, 70%. 75%, 80%, 85%, 90%, 95%, 
98%, 99% or aJI of the cells produce hmGCB with at least 
one carbohydrate chain, preferably two, three, or four car- 
bohydrate chains, liaving the specified number of mannose 
5* residues. 

In a preferred embodiment, the cell is cultured in culture 
medium which includes at least one mannosidase inhibitor. 
In a preferred embodiment, the method further includes 
obtaining the hmGCB from the medium in which the cell is 
35 cultured. 

In another aspect, the invention features an hmGCB 
molecule e.g., an hmGCB molecule described herein, e.g., 
a human hmGCB. produced by any of the methods described 
^ herein. -Preferably, the hmGCB molecule includes at feast 
one carbohydrate chain, preferably two, three, or four car- 
bohydrate chains, having at least four mannose residues of 
a precursor oligosaccharide chain. 

In another aspect, the invention features an hmGCB 
45 preparation which includes a portion of hmGCB molecules 
which include at least one carbohydrate chain, preferably 
two, three, or four carbohydrate chains, having at least four 
mannose residues of a precursor oligosaccharide chain. 
Preferably, the hmGCB preparation is produced by any of 
^ the methods described herein. 

In a preferred embodiment, the hmGCB is human 
hmGCB. 

In a preferred embodiment, the hmGCB molecule can 
have: at least one carbohydrate chain having five mannose 
5.s residues; at least one carbohydrate chain having six mannose 
residues; at least one carbohydrate chain having seven 
mannose residues: at least one carbohydrate chain having 
eight mannose residues: at least one carbohydrate chain 
having nine mannose residues. 
60 In a preferred embodiment the hmGCB produced (either 
one or more hmGCB molecules or the preparation as a 
whole) has ai least one carbohydrate chain having a ratio of 
mannose residues to GlcNAc residues which is greater than 
3 mannose residues to 2 GlcNAc residues, preferably the 
65 ratio of mannose to GlcNAc is 4:2, 5:2, 6CL 7:2, 8:2.* 92, 
more preferably the rauo of mannose to GlcNAc is 5:2, 8:2 
or 9:2. 
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In a preferred embodiment, ai least 30%, 40%. 50% r 60%. aniisense molecule and a class 2 processing mannosidase 

70%, 75%, 80%. 85%, 90%, 95%, 98%, 99% or all of the anlisense molecule. In a preferred embodiment (he class J 

hm<iCB of the preparation have al least one, preferably, iwo, processing mannosidase is: Golgi mannosidase J A: Golgi 

three or four carbohydrate chains in which the removal of mannosidase IB; Golgi mannosidase !C: combinations 

one or more mannose residues disiaJ 10 U*c pentasaccharide 5 thereof. In a preferred embodiment, the class 2 processing 

core has been prevented. mannosidase is: Golgi mannosidase H. 

In another aspect, the invention features a cell having at In a preferred embodiment, the cell includes a molecule, 
least one mannosidase activity inhibited and which includes e.g.. an exogenously supplied molecule, which binds and 
a nucleic acid sequence comprising an exogenous regulatory inhibits a mannosidase The molecule can be. e.g., a single 
sequence which has been introduced such that the regulatory jo chain antibody., an intracellular protein or a competitive or 
sequence regulates the expression of an endogenous GCB non-competitive inhibitor- 
coding region, wherein the cell produces GCB in which the In a preferred embodiment, the hmGCB molecule pro- 
removal of at least one mannose residue distal to the duced by the cell has a ratio of mannose residues to GlcNAc 
pentasaccharide core of a pj^ residues which is greater than 3 mannose residues to 2 
is prevented. 15 GlcNAc residues, preferably the ratio of mannose to 

In a preferred embodiment, the cell produces an hmGCB GlcNAc is 4:2. 5:2. 6:2, 7:2, 8:2, 9:2, more preferably the 

preparation, e.g^ a human hmGCB preparation, in which the ratio of mannose to GlcNAc is 5:2. 8:2 or 9:2. 

removal of: one or more a 1 ,2 mannose residue(s) distal to In a preferred embodiment, the cell is unable to remove of 

the pentasaccharide core is prevented: an a 13 mannose one or more mannose residues distal to the pentasaccharide 

residue distal to the pentasaccharide core is prevented: 20 core on one. two. three or four of the carbohydrate chains of 

and/or an a 1.6 mannose residue distal to the pentasaccha- hmGCB. 

ride core is prevented. Preferably, the removal of one or In a preferred embodiment, at least 30%, 40%, 50%. 60%. 

more a 1 r 2 mannose residue(s) distal to the pentasaccharide 70%, 75%, 80%. 85%. 90%, 95%. 98%, 99% or all of the 

core is prevented. hmGCB molecules produced by the cell have at least one. 

In a preferred embodiment, at least one mannosidase 25 preferably, two, three or four carbohydrate chains in which 

activity in the cell has been inhibited by contacting the cell the removal of one or more mannose residues distal to the 

with a substance which inhibits a njanuosiuasc. in a pre- pentasaccharide core has been prevented, 

ferred embodiment, the substance is a mannosidase inhibi- In a preferred embodiment, the regulatory sequence 

tor. The mannosidase inhibitor can be a class 1 processing includes one or more of: a promoter, an enhancer, an 

mannosidase uiiribitor, a class 2 processing mannosidase 30 upstream activating sequence (UAS), a scaffold-attachment 

inhibitor or both. In a preferred embodiment, the class 1 region or a transcription fector-binding site. In a preferred 

processing mannosidase mhibitor can be one or more of: embodiment, the regulatory sequence includes: a regulatory 

kifitnensine and deoxymannojirimycin. Prelerably. the class sequence from a metaJlothionetn-I gene, e.g., a mouse 

1 processing mannosidase inhibitor is kifunensine. In a mciaOothioncin-I gene, a regulatory sequence from an 
preferred embodiment, the class 2 processing mannosidase 35 SV-40 gene, a regulatory sequence from a cytomegalovirus 

inhibitor can be one or more of: swainsonine, mannostatin, gene, a regulatory sequence from a collagen gene" a regu- 

6-deoxy-DIM. and 6-deoxy-6-fluoro-DIM. Preferably, the latory sequence from an actin gene, a regulatory sequence 

class 2 processing mannosidase inhibitor is swainsonine. from an immunoglobulin gene, a regulatory sequence from 

In a prefeired embodiment, the cell carries a mutation for, the HMG-CoA reductase gene, or a regulatory sequence 
e.g.. a knockout for. at least one Golgi processing mannosi- 40 from the EF-1 a gene. 

dase. The mutation can be one which reduces the expression In a preferred embodiment, the cell is: a cukaryotic cell, 

of the gene, reduces protein or activity levels, or alters the In a preferred embodiment, the cell is of fungal, plant or 

distribution or other post transJational modifications of the animal origin, e.g., vertebrate origin. In a preferred embotfi- 

mannosidase, e.g_ the processing of a carbohydrate chain. menL the cell is: a mammalian ceil, e.g., a primary or 

The mutant can be one which reduces the level of Golgi 45 secondary mammalian cell, e.g^ a fibroblast, a bematopoi- 

processing mannosidase activity, e.g. r one which reduces etic stem cell, a myoblast, a keralmocyte, an epithelial cell, 

gene expression, e.g., a null mutation, eg., a deletion, a an endothelial cell, a glial cell, a neural cell, a cell compris- 

lrameshift, or an mscrtion. In a preferred embodiment, the ing a formed clement of the blood, a muscle cell and 

mutation is a knockout in the mannosidase gene. The precursors of these somatic cells; a transformed or immor- 

mutation can affect the structure (and activity of the protein), 50 tahzed cell line. Preferably, the cell is a human cell, 

and can, e.g., be a temperature sensitive mutation. In a Examples of immortalized human cell lines usefiil in the 

preferred embodiment, the cell is a mutant, e.g., a knockout, present method include, but are not limited to: a Bowes 

for a class I processing mannosidase: a class 2 processing Melanoma cell (ATCC Accession No. CRL 9607). a Daudi 

rnanra>sidase: a class 1 processing mannosidase and a class cell (ATCC Accession No. CCL 213), a HeU cell and a 

2 processing mannosidase. In a preferred embodiment, the 55 derivative of a HeLa ccJJ (ATCC Accession Nos. CCL2, 

class 1 processing mannosidase is: Golgi mannosidase 1A: CCL2.I. and CCL 2.2), a HL-60 cell (ATCC Accession No! 

<Jolgi mannosidase IB; Golgi mannosidase IC: combina- CCL 240), an I IT- 1080 cell (ATCC Accession No. CCL 

tions thereof. In a preferred embodiment, the class 2 pro- 121), a Jurkat cell (ATCC Accession No. TIB 152), a KB 

cessing mannosidase is: Golgi mannosidase II. carcinoma cell (ATCC Accession No. CCL 17), a K-562 

In a preferred embodiment, the cell further includes a 60 leukemia cell (ATCC Accession No. CCL 243). a MCF-7 

nucleic acid sequence, such as an antisense molecule or breast cancer cell (ATCC Accession No, BTH 22). a 

ribozyme. which can bind to or inactivate a ceJluIar man- MOLT-4 cell (ATCC Accession No. 1582), a Namahva cell 

nosidasc nucleic acid sequence, e.g_ mRNA, and inhibit (ATCC Accession No. CRL 1432), a Raji cell (ATCC 

expression of the protein. In a preferred embodiment, the Accession No. CCL 86). a RPMJ 8226 cell (ATCC Acces- 

nncleic acid sequence is: a class 1 processing mannosidase 65 sion No. CCL 155), a U-937 cell (ATCC Accession No. 

antisense molecule: a class 2 processing mannosidase ami- .1 593) ; WI-28VA 1 3 sub line 2R4 cells (ATCC Accession No. 

sense molecule; both a class 1 processing mannosidase CLL 155), a CCRF-CEM cell (ATCC Accession No. CCL 
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1 19) and a 2780AD ovarian carcinoma cell (Van Der Blick exchange chromatography, cation exchange chromatogra- 

et aL Cancer Res. 48:5927-5932, 1988X as well as betero- pby\ and size exclusion chromatography, to thereby obtain 

hybriduma cells produced by fusion of human cells and cells purified brnGCB- 

ofanoiher species. In another embodiment, fhe immortalized In a preferred embodiment chromatography material 

cell line can be cell line other than a human cell line, e.g., 5 MEP HYPERCEL® is used for HOC- In another preferred 

aCHOcen h^.aCOScenhne.Inanomerembc)diment : the embodiment, chromatography material MACROPREP 

cell can be from a clonal cell strain or clonal cell line. METHYL® is used for HIC. 

In another aspect, the invention features a pharmaceutical In a preferred embodiment, the method includes using 

composition which includes an hmGCB molecule, e.g., a anion exchange chromatography. Preferably, anion 
human hmGCB. which includes at least one carbohydrate io exchange chromatography is performed using one or more 

chain, preferably two. three, or four carbohydrate chains, of the following chromatography materials: Q 

having at least four mannose residues of a precursor oli- SEPH AROSE FAST FLOW®, MACROPREP HIGH Q 

gosaccharide chain, in an amount suitable for treating Gau- SUPPORTS'. DEAE SEPHAROSE FAST FLOW®. AND 

cher disease. MACRO-PREP DEAE®. 

In a preferred embodiment, the pharmaceutical composi- 15 In a preferred embodiment, the method includes using 

tion further includes a phamiacemically acceptable carrier or cation exchange chromatography. Preferably, cation 

dllueuL exchange chromatography is performed using one or more 

Another aspect of the invention features a method of of the following chromatography materials: SP 

treating a subject having Gaucher disease. The method SEPHAROSE FAST FLOW®. SOURCE 30S®. CM 
includes administering to a subject having Gaucher disease 20 SEPHAROSE FAST FLOW®. MACRO-PREP CM SUP- 

an hmGCB preparation, e.g., a human hmGCB preparation, PORT®. AND MACRO-PREP HIGH S SUPPORTS , 

which includes at least one carbohydrate chain, preferably In a preferred embodiment, the method includes using 

two. three, or four carbohydrate chains, having at least four size exclusion chromatography. Preferably, the size exclu- 

mannose residues of a precursor oligosaccharide chain, in an sion chromatography is performed using one or more of the 

amount suitable for treating Gaucher disease. ?5 following chromatography materials: SUPFRDEX 200&. 

In another aspect, the invention features a method of - SEPHACRYL S-200 HR® AND BIO-GEL A 1.5M®. 

purifying hmGCB from a sample. The method includes: in a preferred embodiment, the hmGCB is subjected to (in 

providing a harvested hmGCB product: and subjecting the any order): anion exchange chromatography and cation 

hmGCB product to hydrophobic charge induction chroma- exchange chromatography; anion exchange chromatography 

tography (HOC) and/or hydrophobic interaction chroma- 30 and size exclusion chromatography: cation exchange chro- 

tography (HIC) r thereby obtaining purified hmGCB. matography and size exclusion chromatography: anion 

In a preferred embodiment, chromatography material exchange chromatography, cation exchange chromatogra- 

MEP HYPERCEL<£ is used for HC1C. In another preferred phy and size exclusion chromatography." Preferably, the 

embodiment, chromatography material MACROPREP hmGCB is subjected to all three of these chromatography 

METHYL® is used for H1C. 35 steps in the following order anion exchange chromatogra- 

In another preferred embodiment, the method further phy. cation exchange chromatography and size exclusion 

includes subjecting the hmGCB product to. ion exchange chromatography. 

chromatography. The hmGCB product can be subjected to In another aspect, the invention features a method of 

HC1C and/or H1C prior to ion exchange chromatography or purifying hmGCB. The method includes: providing a har- 

the hmGCB product can be subjected to ion exchange 40 vested hmGCB product; subjecting the hmGCB product to 

chromatography prior to HC1C and/or HIC. Preferably, the hydrophobic charge induction chromatography (HCIQ and' 

hmGCB product is subjected to more than one ton exchange or hydrophobic interaction chromatography (HIC): subject - 

chromatography step. The ion exchange chromatography ing the HOC and/or HIC purified hmGCB product to anion 

can be: anion exchange chromatography, cation exchange exchange chromatography: subjecting the anion exchange 

chromatography or both. 45 purified hmGCB to cation exchange chromatography: and. 

in a preferred embodiment, anion exchange chrumatog- subjecting the cation exchange purified hmuGCB lo si>*f 

raphy is performed using one or more of the following exclusion chromatography, to thereby obtain purified 

chromatography materials: Q SEPHAROSE FAST hmGCB. 

FLOW®, MACROPREP HIGH Q SUPPORT®, DEAE In a preferred embodiment, chromatography material 

SEPHAROSE FAST FLOWS*. AND MACRO-PREP so MEP HYPERCEL® is used for HOC. In another preferred 

DEAE®. In a preferred embodiment, cation exchange chro- embodiment, chromatography material MACROPREP 

matography is performed using one or more of: SP METHYLS* is used for HIC. ' 

Sepharose Fast Flow®, Source 30S®. CM Sepharose Fast In a preferred embodiment, anion exchange chromatog- 

Fh>w®. Macro-Prep CM Suprxm®. and Macro-Prep High S raphy is performed using one or more of the following 

Support®. 55 chromatography materials: Q Sepharose Fast Flow®. Mac- 

In a preferred embodiment, the method further includes roPrep High Q Support®, DEAE Sepharose Fast Flow®, 

subjecting the hmGCB product to size exclusion chroma- and Macro-Prep DEAE®. 

tography- Preferably, the size exclusion chromatography is In a preferred embodiment, cation exchange chromatog- 

performed using one or more of the following chromatog- raphy is performed using one or more of the following 

raphy materials: SUPERDEX 200®. SEPHACRYL S-200 60 chromatography materials: SP SEPHAROSE FAST 

HR® AND BIOGEi. A 1.5M®. FLOW®. SOURCE 30S®, CM SEPHAROSE FAST 

In another aspect, the invemion features a method of FLOW®, MACRO-PREP CM SUPPORT®. AND 

purifying hmGCB. The method indodes: providing a bar- MACRO-PREP HIGH S SUPPORT®, 

vested hmGCB product; subjecting the hmGCB product to Jn a preferred embodiment, size exclusion chromatogra- 

bydrophobic charge induction chromatography (HOC) and/ 65 phy is performed using one or more of the following 

or hydrophobic mteraaionchrr^ chromatography materials: SUPERDEX 200®. 

jecting the hmGCB product to one or more of anion SEPHACRYL S-200 HR® AND BIO-GEL A 1.5M®. 
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The term "high mannose ghicocerehrosidase (hmGCBr II; (5) ER gliicosyl transferase: (6) endomannosidase: (7) 
as used herein refers to ghicocerebrosidase having at least Golgi roarmosidase IA. IB and 1C: (8) GIcNAc transferase J: 
one carbohydrate chain having four or more mannose resi- (9) Golgi mannosidase II. A. Glucose: Ek GIcNAc: 0. 
dues from a precursor ohgosaccharide. Preferably, the Mannose. Enzymes (3) and (7) are inhibited b> kifunensine: 
hmGCB has five. six. seven, eight or nine mannose residues 5 enzyme (9) is inhibited by swainsouinc. 
from the precursor oligosaccharide chain. Most preferably. 

the hmGCB has five, eight or nine mannose residues from DETAILED DESCRIPTION OF THE 

the precursor oligosaccharide chain. INVENTION 

The term "hmGCB preparation" refers to two or more 
hmGCB molecules. 10 The invention is based in pan. on the discovery that 

The term "primary cell" includes cells present in a sus- inhibition of the removal of one or more mannose residues 
pension of cells isolated from a vertebrate tissue source distal from the pentasaccharide core of a precursor oligosac- 
(prior to their being plated Le^ attached to a tissue culture charide chain of glucocerebrosidase (GCB). results in high 
substrate such as a dish or flask), cells present in an explani mannose ghicocerebrosidase (hmGCB) that is efficiently 
derived from tissue, bothofthe previous types of ceils plated 15 targeted to mannose receptors. The removal of a mannose 
for the first time, and cell suspensions derived from these residue from the pentasaccharide core of a precursor oli- 
plated cells. The term secondary cell or cell strain refers to gosaccharide chain can be prevented bv inhibiting or reduc- 
ceJJs at all subsequent steps in cumiring. That is, the hrst mg the activity of one or more mannosidase enzymes, e.g.. 
time a plated primary cell is removed from the culture one or more class I processing roannosidase(s) and/or class 
substrate and replated (passaged), it is referred to herein as 20 2 processing matinosidase^By preventing or inhibiting 
a secondary cell, as are all cells in subsequent passages. the removal of one or more mannose residues, hmGCB 
Secondary cells are cell strains which consist of secondary having at least one carbohydrate chain with four or more 
cells which have been passaged one or more times. A ceil mannose residues from the precursor oligosaccharide chain 
strain consists of secondary cells that: 1 ) have been passaged can be obtained. 

one or more times; 2) exhibit a finite number of mean 25 Gaucher disease is caused by a deficiency of GCB GCB 
population doublings in culture: 3) exhibit the properties of is required for degradation of grvxosphingohpid glucocer- 
contact-inhibited, anchorage dependent grov/th (anchorage- ebroside. in the absence of GCB. the glucocerebroside 
dependence does not apply to cells that are propagated in accumulates primarily in phagocytic cells. eJg.. macropb- 
suspension culture): and 4) are not immortalized. A "clonal ages, and, ultimately, builds up in the liver, spleen and bone 
cell strain" is defined as a cell strain that is derived from a 30 marrow. 

single founder cell. A "heterogenous cell strain" is defined as Macrophages have mannose receptors. These receptors 
a cell strain that is derived from two or more founder cells. play a role in receptor-mediated endocytosis by these cells. 

Tmmortahzed ceils , as used herein, are cell lines (as hmGCB efficiently targets the mannose receptors on mac- 
opposed to cell strains with the designation -strain- reserved rophages and improves the uptake of GCB (in the form of 
lor pnmary and secondary ce\h\ a critical feature of winch 35 hmGCB) into these cells. Bv directing GCB (in the form of 
is that they exhibit an apparently unlimited lifespan in hmGCB) to the cells in which glucocerebroside accurou- 
-J^l ^ ^ tm . . laics. hmGCB can be used to hydrolvze glucocerebroside in 

The term Iransfected cell" refers to a cell into which an the macrophages, thereby reducing the subsequent accumu- 
exugenous synthetic nucleic acid sequence, e.g. a sequence lation of this grycolipid in the liver, spleen and bone marrow 
which encodes a protein, is mtroduced. Once in the cell the 40 of patients having Gaucher disease, 
synthetic nucleic acid sequence can integrate into the recipi- 
ents cells chromosomal DNA or can exist episomally. Stan- Glucocerebrosidase 

dard transfection methods can be used to introduce the Nucleotide sequence information is available for genes 
synthetic nucleic acid sequence into a cell. e.g.. transfection encoding ghicocerebrosidase from various species. (See 
mediated by liposome, polybrene. DEAE dextran-inediated 45 Horowitz et al. (1989) Genomics 4(I);87-96, disclosing the 
transfection. electroporatton, calcium phosphate precipita- gene sequence (SEQ ID NO: 1) and amino acid sequence 
tion or microinjection. The term "transfection" does not (SEQ ID NO:2) of human ghicocerebrosidase: Beutler et al. 
include delivery of DNA or RNA into a cell by a virus (1992) Genomics 1 2(4):795-800). 

The term "infected cell" or ^transduced cell" refers to a Mature human GCB has five potential N-linfced glycosv- 
cdl into which an. exogenous synthetic nucleic acid 50 lation sites at Asn-19. Asn-59. Asn-146. Asn-27G\ and Asn- 
sequence, e.g., a sequence which encodes a protein, is 462. Glycosylation occurs at four of the five sites inhuman 
introduced by a virus. Viruses known to be useful for gene tissue derived GCB (Erickson d al (1985) J. Bio!. Chem. 
transfer include an adenovirus, an ademvassociated virus, a 260:14319-14324). Studies employing site-cfirected 
herpes virus, a mumps virus, a polioviros, a retrovirus, a mutagenesis have demonstrated that the site at Asn-462 is 
Sindbis virus, a lentivirus and a vaccinia virus such as a 55 never occupied (Berg-Fussman et al. (1993) J. Biol. Chem. 
canary pox vims. 268:14861-14866). Approximately 20% of the released 

Other features and advantages of the invention will be glycan chains from human placental (K7B were shown to be 
apparent from the following detailed description, and from of the high mannose type containing up to seven mannose- 
the claims. residues, whereas the majority of the glycan chains were of 

60 the complex type with siahylaied biantennary and trianten- 
BRIEF DESCRIPTION OF THE DRAWING nary structured (Takasafc et al. (1984) J. Biol. Chem. 

259:10112-10117) 

FIG. 1 is a diagram showing the tri mming of N-linked The first event in GCB N-glycosylation is the co-trans- 
grycans as it occurs in the endoplasmic reticulum, the lational transfer in the lumen of the endoplasmic reticulum 
mtermediate compartment and in the Golgi apparatus. The 65 (ER) of G!c,Man*GlcNAc. from ohgosaccharide-PP-doli- 
enzynies are numbered as follows: (1) a-glucosidase 1: (2) chol to nascent peptide. The presence of the three ohicose 
a-glucosidase II ; (3) ER mannosidase J; (4) ER ma onosidase residues on the donor oligosaccharide allows for efficient 
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transfer to an acceptor asparagine by oJigosaccharyl trans- Alternatively, primary, or secondary cells of vertebrate. 

ferase. Following N-glycosyhtion. the glucose residues are particularly mammalian, origin can be transfected or 

rapidly removed from GCB during the folding process by infected with an exogenous DNA sequence which includes 

ER glucosidases 1 and 11. Two different ER maiinosidases are a regulator)' sequence. Examples of such regulatory 

each capable of hydro ly zing a single mannose residue from 5 sequences include one or more of: a promoter, an UAS, a 

Ma%01cNAc2 to form two different isomers of scaffold attachment region or a transcription binding site. 

ManGlcNAc 2 (see FIG. 1). Accessible ghcans are then The targeting event can result in the insertion of the regu- 

further processed in the Golgi to ManutGleNAc-, by the latory sequence of the DNA sequence, placing a targeted 

removal of up to four a! ^-linked mannose residues bv endogenous gene under their control (for example, by inser- 

Golgi mannosidasc J. There are at least three different 10 tlon of eilber a P roraoter or enhancer, or both, upstream 

human genes encoding related Golgi rnannosidase I iso- of the endogenous gene or regulatory region). Optionally. 

forms (1A, IB. and 1C) with sliahtJy different substrate the targeting event can simultaneously result in the deletion 

specificities and tissue expression^ but alJ are capable of of an endo & enous regulatory sequence, such as the deletion 

trimming four mannose residues from Man^ikNAc, gly- ° U ,Jssue -*P ec,fic »egauve regular sequence, of a gene. The 

canstofc™Man 5 GlcNAc.(Trcmblavctal.(Juh27.2000) 15 ,ax 2 enn e evem 030 re P Iace aD existing regulatory sequence; 

7. Biol Chem. [cpub ahead of print]). They arc located on wrexampk r aussue-specifkei^cercanbereplacedbyan 

chromosomes 6q22_ Iptt. and l P 35-36 and their cDN\ ^"cer ^ broader or Afferent cell-type specificity 

sequences are obtainable from GenBank as X74837. ibsm e^S^™ elements, or displays a pattern of 

AF027J56. and AF261655. respectively. regulation or induction that is different from the correspond- 

•ru c i * r ■ i- ■ , . 30 m S nontransfected or nomnfected celL In this regard the 

hiSlttSt 'T**"*! r""" 5 ' ^"T ** «Wnous sequences are deleted and new- seqSs are 

SZSSST^jTSJf™. ^ LT^,' mI""" addeA Altenurtivel* the endogenous regulator/sequences 
tial conversion of ManAjlcNAc, to GlcNAcMan^GlcNAc, , * _ _ t . , 1 , 

by the action ofGkNAc transferase 1. after which Goto Z tT, *^P»«i °r disabled by 

maonosidase II can catalyse the removal of two further „ ^JXlS^t^, * ^ 8 T ^"ous 

mannose residues to yield GlcNAcMan.GlcN Ac . This is " ^^r ^^l^^^Ti^ ^ T 

the substrate for gycaii elongation by srvcosvl transferases ° f * "V***? S&pK ° Ce >>y j«>mologons recomta- 

tocated in the tra^ Golgi and the trans Golgi network to T*" 1 T ^ ™ P ^ °i ""S ex » ,ressu «! 

form complex type chains. ? not "J"™^ ^P 1 ^- m 

_,. ^ ' ^ . addition, targeted introduction of a regulatory sequence can 

If the high mannose chains transferred to GCB in the 30 be used for cells which make or contain the therapeutic 

initial N-glycosylation step can be prevented from being protein but in lower quantities than normal (in quantities less 

processed to complex chains m the GoIgK then GCB with than the physiologically normal lower level) or in defective 

high mannose chains (hmGCB) will effectively target the form, and for cells which make the therapeutic protein at 

mannose receptors on reticuloendothelial cells. physiologically normal levels, but are to be augmented or 

Cgrjg 35 enhanced in their content or production. Methods of acti- 

«. . . „ . „ vating an endogenous coding sequence are described in VS. 

Pnmary and secondary cells to be transfected or infected Pat . Nos . 5.641,670, 5.733,761 and 5.968.502, the contents 

can be obtained from a variety of Issues and include cell of wlncb ^ uwrpomed herein by reference, 

types which can be maintained and propagated in culture, tl a t „ nr .*^„ A „ • , . - , lt 

PiTr »nn,„k „™™ ™a ^ j *j, I.- u u **** transfected or infected primary or secondary cells 

ror example, primary and secondary cells which can be >m „i . , , . nxi* / 

*«»or«*Jj ~4^L* - 1 j *rt m-i , 40 tnay also include a DNA sequence encoding a selectable 

transfected or injected include fibroblasts, keratinocytes. m ,Li w . r VZL.1.1 l fc , 

epimelial cells (eg., mammary epithelial cells, imesL,! ^°!r , P^orype upon them, 

epitbefial ceDs). endothelial ceHs!glial cells, neural ceils, ^ T" "^I^Jl' 

Smed element of the Wood (el lymphoevtes. ^^^^1"™"* ^f^^. whd ; 

marrow cells), muscle cells and pJtvJ^fte* somatic 45 S^o^fjTc, 1 T^Tf' ^"f 13 " 15 ^ 

^„ nl- ,, *V , , , . , _ " 45 netcrogenous cell strains of such Transfected cells, methods 

cell types. Primary cells are preferably obtained from the ftfflrt i • , f - . . - „ *«^w^> 

, A *u. e j - ^ , . of producing the clonal and heterogenous cell strains, are 

individual to whom the translecied or infected primary or i ^ !Tj«__-i. , r , • t t X ^ ^ ^ 

or , ,n _ , 1 , , ' * known and described, for example, in VS. Pat. Nos. 5.641 . 

secondary cells are administered (re., an autologous cell). /- 7ft ^ lxx - ^ ^ _ ^ „ ^ r . ' 

^^^ke^te.2L(^ n^^iShy^eSe^ ° f ^ ^ 
than the reopiem) of the same species (i.e.. an allogeneic w T J™, , . . ' , . 
cell) or anofeer species (i*.. a xenogeneic cell) (e^^monse, ^ sectmdary cells, can be made by 
rat, rabbit, cat dog. pig. cow. bird, sheep, goat, horse. ek f ro P ora i '» on - Electroporahon is earned out at appropriate 
monkey, baboon) voltage and capacitance (and corresponding time constant) 
' „ , j, r . . , . » "suit in entry or the DNA construcl(s) into the primary or 
Primary or secondary cells of vertebrate: particularly secondary cells. Efectroporation can be carried out over a 
mammaBan, ongm can be transfected or infected wnh an 55 wide range of voltages (e.g. 50 to 3000 volts) and cone- 
exogenous DNA sequence, e g., an exogenous DNA spending capacitance. Total DNA of approximately 0.1 to 
sequence encoding a therapeutic proton, and produce an 500 ug is generally used 

ei^ fterapeutic protdnsfcblyand reproduciWy both in Alternatively, known methods such as calcium phosphate 

n ra t£ir ° V IZT^ Pen ° d , ° f 111 precipi^CH.. microinjection, modified calcium phosphate 

the transfected or infected pnmary' and secondary cells can 60 ^„^„;^ t - ' A , u - . - F ^ F 

express the encoded prodScTh? vivo a. physiol^kallv .VW™^**^^™ fi«on 

relevant levels, cells 4n be recovered after implantation ^^'^^^ gene delivery can be used to transfect 
and, upon recnlniring, to grow and display their prcimplan- 

tation properties. Cells can be modified to reduce cell Processing of Glucocerebrosidase 

surfece histo compatibility complex or foreign carbohydrate 65 Oligosaccharide assembly in cells which have not been 

moieties to reduce immunogenecity. eg., a universal donor treated to prevent removal of mannose residues usually 

proceeds as discussed below; 
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The oligosaccharide chains of GCB are attached to the which is highly specific with respect to the acceptor oli- 

polypeptide backbone by N-glycosidic linkages. N-linked gosaccbaride. the donor sugar, and the type of linkage 

glycans have an amide bond that connects the anomeric formed between the sugars. These can include distinct 

carbon (C-1) of a rediicing-tenninal N-acetylgtoccsamine GfcNAc transferases (producing 0 1.2: g 1. 4; or 0 J .6 

(GlcNAc) residue of the oligosaccharide and a nitrogen of 5 linkages): galactosyltransfcrases (producing ft 1. 4: £ 13: 

an asjparagine (Asa) residue of the polypeptide. and a J 3 linkages); sialyhransferases (one producing a 2. 

Initiation of N-linked oligosaccharide assembly does not 3 and another, a 2. 6 linkages): fucosyltransferases (pro- 
occur directly on the Asn residues of the GCB protein, but during a 1-2: a 13:al. 4ora 1.6 linkages); and a growina 
rather involves preassembly of a lipid-linked 14 sugar list of other enzymes responsible for a variety of unusual 
precursor oligosaccharide which is then transferred to the io linkages, llie cooperative action of these glvcosyllrans- 
protein in the ER during or very soon after its translation ferases produces a diverse family of smicmres collectively 
from mRNA. A "precursor oligosaccharide** as used herein referred to as "complex"* oligosaccharides. These may con- 
refers to the oligosaccharide chain involved in the initial tain two. three or four outer branches ("antennae") attached 
steps in biosynthesis of carbohydrate chains. A "precursor to the invariant core pentasaccharide. Man 5 GlcNAc_. These 
oligosaccharide^ can be an oligosaccharide structure which i* structures are referred to in terms of the" number of their 
includes at least the following sugars: ManpGlcNAc 2 . for outer branches: biantennary (two branches), triantennary 
example, a precursor oligosaccharide can have the following (three branches) or tetraantennarv (four branches). The size 
structure: Gte^Maii^GIcNAc-. as shown in FIG. 1. The of these complex glycans can vary, 
precursor oligosaccharide is synthesized while attached via _ ' . r . 

a pyrophosphate bridge to a poJyisoprenoid carrier lipid, a 20 Processmg of Ht & Mannose Glucocerebrosidase 

dobcbol. This assemblv involves at least six distinct mem- hmGCB can P^xluced by reducing or preventing 

brane bound grycosyltransferases. Some of these erjaymes ^ ,ar ^^Mnite modification (i.e.. processing) of 

transfer monosaccharides from nucleotide sugars, while G S B ' Cajboh y dralc modification can be prevented by 

others utilize dolichoMinked monosaccharides as sugar aDowm $ production of GCB under conditions which pre- 

donors. After assemblv of the hpid-lfnked precursor is 25 v «« the removal of at least one mannose residue distal to the 

complete, another membrane-bound enzyme transfers it to pentasaccharide core of a precursor oligosaccharide chain of 

sierically accessible Asn residues which occur as pan of ibe ?°r For example, one cr more of the -trimming" stages 

sequence -Asn-X-Ser/Thr-. during the removal of mannose residues from a precursor 

Glycosylated .Asn residues of newly-synthesized GCB oligosaccharide can be prevented, 

transiently carry Glc.Maa.GlcNAc^ also referred to herein 30 CelhlIar mamiosldases fal! mto lwo b «>ad classes: class 1 

as an ^unprocessed carbohvdrate chain". processing enzymes, which include ER mannosidasc 1. 

*fhe processing of N-linked oligosaccharides is accom- mannosidase IA, IB and IC and which hydrolyze a 
plished by the sequential action of a number of membrane- U-lmked mannose residues, and require Ca 2 * for activity: 
bound enzymes and begins immediately after transfer of the 306 dass 2 P«wess»>g enzymes, which include ER man- 
precursor oligosaccharide Glc.Majo^GlcNAc^ to the protein 3s nosidase Gofe* mannosidase H. cytosolic a-mannosidase r 
Tlte terms "processing". brimming" and "modifying" are and lysinitima! "-mannosidase and which have a broader 
used interclianaeably herein. substrate specificity and do not require Ca'* for activity. 

N-linked oligosaccharide processina can be divided into lrimmm & of mannose residues from the precursor 

three stages: removal of the three glucose residues, removal oligosaccharide involves at least the following mannosidase 

of o variable number of mannose residues, and addition of 40 eDZymes: mannosidase 1A, IB and IC. and Golgi 

various sugar residues to the resulting trimmed core. mannosidase II. By inhibiting one or more of these man- 

The removal of the glucose residues in the first stage of N-linked oligosaccharide assembly in a 

processing involves removal of all three glucose residues to CeUr GCB 0311 te P"** 1 **** which has at least one carbohy- 

generate N-linked Man y GIcNAc-. This structure is also drate cbam ^ ^ 1X1016 mannDse residues in addition 
referred to herein as: Manol-2Manal-2Manal-3IManctl- 4* 10 *c pentasaccharide core. For example, inhibition of both 

2Mamtl-3(Mamil-2Man(il-6)Man<il-6JManpi- ^ 11131111053(1356 J and Go] & mannosidase I can produce 

4GlcNAcpi ^GlcNAc (See FIG. I. structure 9). Processing hmGCB with at least one carbohydrate chain (and preferably 

normally continues to the second stage with removal of 3X1 cbains > having al lcasl mannose residues from the 

mannose residues. precursor oligosaccharide; inhibition of Golgi mannosidase 
FourofthernaiiiK>sejesidueso 50 11 ^ Produce hmGCB with at least one carbohydrate chain 

ety are bound bv a 1.2 linkages. Up to four of these a (and preferabJ y a,J chains ) toting 31 five mannose 

I r 2-Iinked mannose residues can be removed bv mannosi- residues 6001 lne precursor oligosaccharide. 

daselA. IB and IC 10 ^er^rateN-HnkedMarts^GlcNAc^ Tnmmmg by a mannosidase can be inhibited; for, 

Protein-Jinked Man 5 (ilcNAc 3 can then serve as a sub- €3cam P* e ? *>>' contacting the cell with a substance which 

stratc for GJcNAc transferase I. which transfers a 0 1,2- 55 P 1 *™* 15 lhe removal of one or more mannose residues from 

linked GlcNAc residue from UDP-GlcNAc to the core a a precursor oligosaccharide of GCB or by producing GCB in 

1 ,3-linked mannose residue to form GJcNAcMan 5 GlcNAc a ^ which does not produce or produces at deficient levels 

Mannosidase II can then complete the trimming phase of the a! one mannosidase, or in a cell which produces a 

processing pathway by removing two mannose residues to muta1ed aBa7or inactive mannosidase. For example, the cell 

generate a protein-linked oligosaccharide which contains <x> C3nhea lockout for at least one mannosidase. can express 

within it a Man.GlcNAc^ the "pentasaccharide core". The 21 Ieasl one antisense mannosidase molecule or can be 

structure GIcNAcMar^GlcNACj is then a substrate for o^nmiant negative for at least one mannosidase. 

GlcNAc transferase II. which can transfer a 0 1 ^-linked Substances which Prevent Removal of Mannose Residues 

GfcNAc residue to the a l ; 6-linked mannose residue. A substance which prevents the removal of one or more 

After the trimniing phase, monosaccharides are sequen- 65 mannose residues from a precursor ohgosaccharide of GCB 

tialhv- added to the growing oligosaccharide chain by a series can be used to produce an hmGCB preparation. For 

of membrane-bound Golgi glycosyluansferases, each of example, a cell which expresses GCB can be contacted with 
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a substance which prevents the removal of one or more a J r 2 \^riotis mannosidase inhibitors can be selected by their 
mannose residues of a precursor ohgosacchande of GCB. ability to penetrate particular cell types as well as by the 
andYor removal of an a 13 mannose residue of a precursor inhibitory potency of the mannosidase inhibitor.* For 
oligosaccharide of GCB, and/or removal of an a 1,6 man- example, swainsonine is rapidly internaJized bv cultured 
nose residue of a precursor oligosaccharide of GCB. Prcf- 5 fibroblasts in a time- and conccmraiion-dcpaidciit manner, 
erabfy, the substance is a mannosidase inhibitor, e.g., a class Swainsonine is also a potent inhibitor of a class 2 niannosi- 
1 processing mannosidase inhibitor or a class 2 processing dase. e.g„ Golgi mannosidase II. Thus, swainsonine can be 
mannosidase inhibitor. - used to produce hmGCB in cultured fibroblasts, e.g.. 

Cellular mannosjdases fall into two broad classes on the hmGCB having at least one carbohydrate chain which has at 
basis of protein sequence homologies {Moremeu et al. 10 least four or five mannose residues of the precursor ob- 
(1994) GhcobioJogy 4:113-125). These two classes are gosoccharide. In addition, kifbnensine is readirv taken up by 
mechamsticalry different. Class 1 enzymes, which include ciiltured fibroblasts and is a potent inhibitor of class I 
ER mannosidase 1 and Golgi mannosidase I isoforms, have mannosidases. e.s„ ER mannosidase ) and Golgi mannosi- 
a mass of about 63-73 kDa, hydrolyze a I JMinked mannose dase I. Thus, ki fimensine can be used to produce hmGCB in 
residues and require Ca 2 * for activity. Class I processing 15 cultured fibroblasts, e.g- hmGCB having at least one car- 
mannosidases can be blocked, for example, by treatment bohydrate chain which has at least four, five, six. seven, 
with a substrate mimic, e.g^ a pyranose analog of mannose. eight or nine mannose residues of the precursor ongosac- 
For example, class 1 processing mannosidases can be charide. 

blocked by tremment with one or more of the following Preferably, the mannosidase inhibitor is present at a 
enzymatic inhibitors: kimnensine, aeoxymannojirimycin. or 20 concentration of 0.025 to 20.0 uo/rol, 0.05 to 10 ug/ml 0 05 
a combination thereof Class 2 enzymes, which include ER to 5 ug/ml. preferably between about 0.1 to 2.0 ug/ml For 
marinosidase h Golgi mannosidase II, cystolic a-mannosi- example, a class 1 processing mannosidase inhibitor can be 
T*' ^ „ fTS. a ' mannosidas ^ have a ™ as s of present at a cwiceniration between about 0.025 U> 20.0 

about 107-136 kDa, do not require Ca~* for activity and ug/ml. 0.05 to 10 ugmil. 0.05 to 5 ug/ml. preferabrv between 
have a broader substrate specificity. Class 2 processing 25 about 0.1 to 2.0 ug/ml; a class 2 processing mannosidase 
rnannosidases can be blocked, for example, by treatment inhibitor can be presem at a concentration between about 

• fa ^^ e t transition state analogies of the masncsyl 0.025 io 20.0 ug/'mL 0.05 to 10 ua/ml. 0.05 to 5 u°/ml, 
caUon^CDamels et aL (1994) GfycoBioL 4:551-566). For preferably between about 0.1 to 2.0 pa/ml: each of the class 
example, class 2 processing mannosidases can by blocked 1 processing and class 2 processing mannosidase inhibitors 
by treatment with one or more of the following inhibitors: 30 can be present at a concentration between about 0.025 to 
swainsonine, 6-deoxy-DlM. 6^eoxy^-fluoro-DIM, man- 20.0 ug/ml. 0.05 to 10 pg/ml 0.05 10 5 ug/ml. preferably 
nostahn A, or combinations thereof rcea aboil1 aj to 2 0 Mg/mJ: or mc IolaJ concentration of 

lOranensme can be used as an inhibitor of the endoplas- the class 1 processing and class 2 processing mannosidase 
imc rehcuhim mannosidase I and/or Golgi mannosidase 1A inhibitors present can be between about 0.025 to 40.0 ug/ml, 
and/or IB ami/or 1C: deoxymannojirimycin can be used as an 35 0.05 to 20 ug/ml, 0.05 to 10 ug/ml. preferably between about 
inhibitor of ER mannosidase I. ER mannosidase 11 and/or of 0.1 to 5.0 ug/ml. 

^Igi^iiriosidase 1A and/or IB and/or )C; swainsonine can The cdl can be contacted with a mannosidase inhibitor by. 
be used an inhibitor of Golgi mannosidase II; and maartosia- for example, culruring the cell on medium which includes at 
tin A can be used as an inhibitor of Golgi mannosidase II. least one mannosidase inhibitor- 
Use of a mannosidase inhibitor can inhibit the processing 40 
of a carbohydrate chain of GCB past a certain stage of Mannosidase Mutant Cell 
mannose residue trimming during oligosaccharide assembly. Mannosidase Knockout Cell 

For example, contacting a cell with kiiunensine can inhibit Permaneni or regulated inact ivation of mannosidase gene 

trimming of any, or one, two, three, or four of the mannose expression can be achieved by targeting to a mannosidase 
residues of a procure olrgosaccriaride. 45 locus with a transfected plasmid DNA construct or a syn- 

ftocessmg a-mannosidases can be blocked by treatment thetic oligonucleotide. The plasmid construct or oligonucle- 
of cells with one or more of the following enzyme inhibitors: otide can be designed to several forms. These intrude the 
Krfuncnsmc, an inhibitor of the endoplasmic reticulum I following; I) insertion of selectable marker genes or other 
and Golgi mannosidase I enzymes (Weng' and Spiro sequences within an exon of a mannosidase gene: 2) inser- 
(1993)7. Biol. Ckem 268:25656-25663; Elbein et al. 50 of exogenous sequences in regulatory regions of non- 
0990) J. Bid. Chem 265:15599-15605). coding sequence: 3) deletion or replacement of regulatory 
Swainsonine, an inhibitor of the Golgi mannosidase II and/or coding sequences; and, 4) alteration of a protein 
enzyme (Tulsiani et al. (1982) J. Biol. Ckem 257: coding sequence by site specific mutagenesis. 
7936-7939). In the case of insertion of a selectable marker gene into 
Dcoxyrjiannojirimycin, an inhibitor of both endoplasmic 55 coding sequence, it is possible to create an in-frame fusion 
reticulum mannosidases I and II and of Golgi marmosi- of an endogenous mannosidase exon with the mannosidase 
dase I (Weng and Spiro (1993) J. Biol. Chem 268: exon engineered lo contain, for example, a selectable marker 
25656-25663: Tremblay and Herscovics (2000) J. BioL gene. In this way following successful targeting; the endog- 
Chern. Jury 27; fepub ahead of printj) cnous mannosidase gene expresses a fusion mRNA (man- 
D1M (l,4-tfd\»xy-I,4-imiix>DHrjanmtol), an inhibitor of 60 nosidase sequence phis selectable marker sequence). More- 
(iolgi mannosidase II (Palamar/yk et al. (1985) Arch, over, the fusion mRNA would be unable to produce a 
Bhckem. Biophys. 243:35-45). fimctiona] mannosidase translaiion product. 
6-Dcoxy-DIM and 6^Ieoxy-6-fluoro-DIM, inhibitors of In the case of insertion of DNA sequences into regulatory 
Gojtgi mannosidase II (Winchester et al. (1993) Bio- regions, the transcription of a mannosidase gene can be 
J ' 290:743-749). 65 silenced by disrupting the endogenous promoter region or 
Manuostatin A, an inhibitor of Golgi mannosidase Jl any other regions in the 5* untranslated region (5* UTR) that 
(Tropea et al. (1990) Biochemistry 29:10062—10069). is needed for transcription. Such regions include, for 
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example, translation^ control regions and splice donors of As the coding strand sequences encoding various man- 

wtrons. Secondly, a new regulatory sequence can be inserted misidases are disclosed in, for example. Bause(]993) Hur 

upstream of the manrwsidase gene thai would render the j. Biochem. 21 7(2): 535-54<h Gonzalez et al (1999)/ Biol 

mannosjdase gene subject lo the control of extracellular Chenu 274(30):2 1375-2 1 386: Misago et al. (1995) Proc 

factors, It would thus be possible to down-rcgulate or 5 Natl Acad. Scl USA 92(25): 11766-11770: Tremblav et al 

e^tin^shn^rinosidase gene expression asdesired for optj- (1998) Ghcobhlogy 8(6>.585-595,Trembiay et al. (2000) 

ma hmGCB production. Moreover, a sequence which J. Biol. Chem. July 27:lepub ahead of print], amisense 

includes a selectable marker and a promoter can be used to nucleic acids can be designed according to the rules of 

disrupt expression of the endogenous sequence. Finally, all Watson and Crick base pairing The antisense nucleic acid 

or part of the endogenous mannosidase gene could be 10 molecule can comprise sequence complementary to the 

deleted by appropriate design of targeting substrates. entire coding region of a mannosidase mRNA, but more 

In order to create a cell which mcludes a knockout of at preferably is an oligonucleotide which is complementary to 

least one chromosomal copy of the human Golgi mannosi- only a portion of the coding or noncoding region of a 

dase IA, IB or JC gene, the genomic DNA comprising at mannosidasemRNA. For example, the antisense oligonucle- 

leasi the 5* portion of the gene (including regulatory 15 otide can comprise sequence complementary to the region 

sequences, S UTR. coding sequence) is isolated. For surrounding the translation start site of a mannosidase 

example, the GenBank sequence. Accession No.: mRNA. An antisense oligonucleotide can be, for example 

NM005907 (human), can be used to generate a probe for about 5. 10, 15. 20. 25. 30. 35. 40. 45. 50, or more 

GoIgimannosidaseIAorAccessk>nNos.:.\AF97058canbe nucleotides in length. An antisense nucleic acid can be 

used to generate a probe for Golgi mannosidase IB or TC 20 constructed using chemical synthesis and enzymatic ligation 

using polymerase chain reaction (PCR). Oligonucleotides reactions using procedures known in the art. For example, an 

for PGR can be designated based upon the GenBank antisense nucleic acid (e.g.. an antisense oligonucleotide) 

sequence. The resulting probe can hybridize to the single can be chemically synthesized using naruralry occurring 

copy Golgi mannosidase LA, IB or IC gene. This probe can nucleotides or variously modified nucleotides designed to 

then be used to screen a commercially available recombinant 2S increase the biological stability of the molecules or to 

phage library (e.g^ a. library made from human genomic increase the physical stability of the duplex formed between 

DNA) lo iscbte a clone comprising aii or part of the the antisense and sense nucleic acids. e!g^ phosphorothioate 

mannosidase I structural genes. Once a recombinant clone derivatives and acridine substituted nucleotides can be used, 

comprising a mannosidase regulatory and/or coding Examples of modified nucleotides which can be used to 

sequence is isolated, specific targeting plasmids designed to 30 generate the antisense nucleic acid include 5-fluorouracil. 

achieve the inactrvaiion of mannosidase gene expression can 5-bromouracil, 5-chlorouracil, 5-iodouraciI, hypoxanthine^ 

then be constructed. Inactivation of mannosidase activity xanthine. 4-acetylcytosine. 5-(carfx)xyhydroxylmeihyl) 

results from the insertion of exogenous DNA into regulatory uracil, S-carboxymethylanuiwm^ 5-car- 

or coding sequences to disrupt the translational reading boxymethy laminomemvruraciL dihydrouracil. beta-D-ga- 

frame. Inactivation of the enzyme can also be the result of 35 fcctos^Iqueosine inosine. N6-kir«ntenyladenine, 1-meth- 

disrupuon of rnRNA transcription or mRNA processing, or ylguanine. 1 l-methvlinosine. 2.2-dimethylguanrrje, 

by deletion of endogenous manriosidasc regulatory or cod- 2-meroyIadcuinc, 2-mcthyIguamnc, 3-methyIcytosinc^ 

ing sequences. 5-methyIcytosine, N6-adenine, 7-methylguanine r 5-methy- 

The nucleic acid sequence of other class 1 and class 2 laminomethyluracil, 5-metrx>x>^inon^myl-2^rnoiiracil. 

processing mannosidase arc also available, for example, in 40 beta-l>maniiosylqueosine, S'-metrjoxycarboxymetnyluracil* 

GenBank- Using the methods described above for Golgi 5-methoxyuracil. 2-methyl tm'o-N-6-isorxmteiry ladenine' 

mannosidase IA. IB or IC, a knockout cell for other class 1 uraciJ-5-oxyacetic acid (v), ybutoxnsine. pseudoumcit que- 

and/or class 2 processing mannosidases can be produced. osine, 2-thiocytosine, 5-roethyl-2-lhiouracil, 2-thiouraciL 

A mannosidase knockout cell can be used, for example, in 4-thiouracfl, 5-meibyhiracil, uracil-5-oxy acetic acid methv- 

gene therapy. A knockout cell can be administered to a 45 tester, uraciI-5-oxyacetic acid (v), 5-metIryl-2-thiouracit 

subject e.g., a subject having Gaucher disease, such that the 3-{3-amino-3-N-2-rarboxypropyI) uracil, (acp3)w, and 2,6^ 

cell produces hmGCB in vivo. diaminopurine. Alternatively, the antisense nucleic acid can 

a^o^ vi. t - a j o ^ P Iomiced biologically using an expression vector into 

Antisense Mannosidase Nucleic Aad Sequences ™k^k „ „„^f^ J?L . u i_ i » - - 

x r . . . , , t t ^ winch a nucleic acid has been subcloned m an antisense 

Nucleic acid molecules which are antisense to a nucle- 50 orientation (i.e., RNA transcribed from the inserted nucleic 

otide encoding a mannosidase, e.g., a class 1 processing or acid will be of an antisense orientation relative to a target 

class 2 processing mannosidase, can be used as an inacti- nucleic add of interest. 

vating agent which inhibits expression of a mannosidase. 

For example, Golgi mannosidase IA, Golgi mannosidase IB. Purification of hmGCB 

Golgi mannosidase IC and/or Golgi mannosidase II cxpres- 55 The term purified" hmGCB, as used herein, refers to 
sion can be inhibited by an antisense nucleic acid molecule. hmGCB that is substantially free of cellular material when 
An -antisense" nucleic acid includes a nucleotide sequence produced by a cell which expresses GCB. The language 
which is complementary to a "sense" nucleic acid encoding "substantialrv free of cellular materiaT includes prepara- 
a mannosidase, e.g., complementary to the coding strand of lions of hmGCB in which the protein is separated from 
a double-stranded cDNA molecule or complementary to an 60 cellular components of the cells in which it is produced In 
mRNA sequence- Accordingly, an antisense nucleic acid can one embodimejit, the language "substantially free of cellular 
form hydrogen bonds with a sense nucleic acid. The antj- material" includes preparations of hmGCB having less than 
sense nucleic acid can be complementary to an entire about 30% (bv drv weight) of non-GCB protein (also 
mannosidase coding strand, or to only a portion thereof. For referred to herein as a "protein impurity" or -contaminating 
example, an antisense nucleic acid molecule which antisense 65 protein"), more preferably less than about 20% of non-GCB 
to the "coding region" ofthe coding strand of a nucleotide protein, still more preferably less than about 10% of non- 
sequence encoding a mannosidase can be used. GCB protein, and most preferably less than about 5% 
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non-GCB protein. When the hmGCB is obtained (i.e.. sulfonated polystyrenes (AG 50W&. Bio-Rex 7Q&% sul- 
harvested) from culture media, it is also preferably substan- fonated celluloses (SP-Sephadex(8»). and sulfonated 
dally free of a component of the culture medium, i.e., Sepbaroses (S-Sepharose<K>). A particularly preferred cation 
components of the culture medium represent less than about exchange matrix is S-Sepharose Fast Flow® (Pharmacia). 
20%. more preferably less than about 10%. and most prcf- 5 The chromatographic step involving these matrices is 
erably less than about 5% of the dry weight of the protein most preferably conducted as a column chromatography step 
preparation. or in alternative a batch absorptive technique, which option- 

Various methods can be used to harvest hmGCB from airy can be performed at a temperature between 25° C. to 40° 
culture media. The term "harvested hmGCB" as used herein C. Preferably, a salt is added to a washing or eJuting buffer 
refers to hmGCB obtained from culture media or from a cell. io to increase the ionic strength of the buffer Any of the salts 
For example, one of the following alternatives can be used conventionally used may be employed for this purpose as 
to prepare the harvested hmGCB prior to a purification can be readily determined by one skilled in the art. with 
procedure. These can include: 1 ) filtering the fresh harvest: NaCl being one of the most frequently and conveniently 
2) filtering the fresh harvest and freezing, e.g., at about -20° used salts. 

C. to -80° C. the filtered product until ready lor processing 15 A conventional gel filtration step can also be used in 
(ai which time it can be thawed and, optionally, filtered): 3) combination with the HCIC or H1C chromatography process 
filtering the fresh harvest., concentrating filtered product step. Representative examples of these matrices are pofv- 
(e.g.. by about 8 to 10 fold), and then, optionally, filtering dextrans cross linked with acrylamides, such as composite 
again: 4) filtering the fresh harvest, concentrating filtered bydrophiKc gels prepared by covalently cross linking alfyl 
product (e.g.. by about 8 to 10 fold), optionally, filtering 20 dextran wiih N.N'-methvIene bisacrylamide and crosslinked 
again, and then freezing, e.g., at about -20° C. to -80° C, cellulose or agarose* gels. Commercially available 
until ready for processing (at which time it can be thawed crosslinked dextran-acrylamides are known under the trade 
and, optionally, filtered). Variations of these alternatives can name Sephacryl® and are available from Pharmacia. Corn- 
also be performed. For example, when the harvested product mercialfy available crosslinked dextran -agarose resins are 
or concentrated harvested product is f rozen, different bar- 25 known under the trade name Superdexvfc, available from 
vests can be pooled aner thawing and filtered. In addition, Pharmacia: A preferred Superdex® gel is Superdex 200?:. 
for harvested or couixmrdied harvested product the product Examples of crosslinked cellulose gels are those commer- 
can be held at a cooling temperature, e.g., about 2° C. to 8° cialfy available cross linking porous cellulose gels. e.g.. 
C- for short periods of time. e.g., about 1 to 3 days, GLC300®orGLC 1,000® that are available fiomAmicon 
preferably 1 day. prior to purification. The harvested product 30 Inc. Sirica based resins such as TSK-Gel SW®. available 
held at the cooling temperature can be pooled prior to from TosoHaas can be utilized. Polymer based resins such as 
purification. TSK-Gel PW®, TSK Alpha Series®. Toyopearl HW pack- 

When a concentration of harvest is performed, an ultra- ings® (copolymerrzarion of ethylene glycol and methyl 
filtration membrane with a 5,000 to 50,000 mw cutoff, acrylate polymers) arc also available from TosoHaas. 
preferably a 10,000 to 30,000 mw cutoff, can be employed. 35 Preferably, HOC or HIC can be combined with one or 
Filter clarification will typically employ a 1.2 pm/0.5 pm more of these ion exchange steps. When a combination of 
prefilter, followed by a 0.2 urn final filter. HCIC or HIC and various ion exchange or gel filtration steps 

HmGCB can be purified by the following purification are used, they can be performed in any order. For example, 
techniques. For example, hydrophiwic charge induction as described below a four step procedure can be followed 
chromatography (HOC) can be used to purity the hmGCB 40 winch includes HOC using hydrophobic charge induction 
preparation. Alternatively, hydrophobic interaction chroma- chromatography material MEP HYPERCEUS- or HIC usina 
tography (HIC) can be used to purify the hmGCB prepara- hydrophobic interaction chromatography material Macro- 
tion. Both HOC and HIC are described below. Prep MethylS. then ion-exchange chromatography resins Q 

HCIC or HIC can be used alone or in combination with SEPHAROSE FAST FLOW®, SP SEPHAROSE FAST 
one or more ion exchange steps. Ion exchange steps that can 45 FLOW® and lastly size-exclusion chromatography resin 
be used in combination with an HOC or HIC step (either SUPERDHX 20Q#. Several of these procedures are set forth 
before or after HOC or HIC) include the use of anion in more detail below, 
exchange and/or cation exchange chromatography. Gcncr- MEP Hypcrccl Chromatography 

airy known commercially available anion exchange supports MEP (mercaptoelhylp>Tidine) Hypercel® (BioSepra, Life 
used in the purification of proteins bear quaternary ammo- 50 Technologies) can be used for HOC. It is a resin consisting 
mum functional groups. Preferred matrices for use in the of NEP linked to a regenerated cellulose bead of high 
present process are agarose or cellulose based matrices such porosity (80-100 microns). The functional group (MEP). 
as microcryslalline cellulose or cross-linked agaroses. Also consisting of a hydrophobic tail and an ionizable head group 
particularly preferred are those matrices bearing diethyl is uncharged at neutral pH and can bind certain protein 
aminocthyl. tricthyl aminomcthyl. or trimcthyl aminomcthyl 55 ligands based on hydrophobic interaction at a physiological 
functional groups. A particularly preferred anion exchange ionic strength. Elution is accomplished by decreasing pH to 
matrix is trimethyl aminomethyl crosslinked agarose, which 4 to 5, at which MEP is positively charged, and the protein 
is commercially available, e.g.. Q-Sepharose Fast Flow® elutes from the column due to electrostatic repulsion. For 
(Pharmacia). Generally known commercially available cat- example, prepared harvest or harvest concentrate can be 
ion exchange supports that may be used in the purification 60 applied directly 10 the MEP column equilibrated with 25 
of proteins bear acidic functionalities, including carboxy and mM sodium phosphate, pH 6.8, containing 1 80 mM sodium 
sulfonic acids. Matrices containing the cation functionalities chloride and 2 mM DTT. Optionally, the column can then be 
include various forms of celluloses and polystyrene based washed with equilibration buffer containing 25 mM sodium 
matrices. For example, weak cation exchangers known in caprylate until the absorbance at 280 nm (A280) stabilizes, 
the an include, but are not limited to, Carboxy methyl- 65 The hmuGCB can be eluted from the column with 50 mM 
Sepharose® and Carboxymethyl-Cellulose®. Strong cation sodium acetate, 2 mM DTT, pH 4.7, and the peak as 
exchangers known in the art include, but are not limited to. monitored at 280 nm can be collected. 
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MacroPrep Methy] Chromatography concentration in the load or by running the column at a 

An alternative to MEP Hyperce*® is MacroPrep higher pH, or by a combination of both decreased sah and 

Methyl®, which is a hydrophobic interaction chromalogra- higher pH. 

phy (HIC) resin. This resin consists of a methyl functional SP Sepharose Chromatography 

group attached to a bead composition of macroporous co- 5 SP Sepharose Fast Flow® (Amcrsham Hjarmacia) is a 
polymerized glycol methacrylate and diethylene glycol relatively strong cation exchange chrornatoarapby resin. The 
dimethacrylate. For example, MacroPrep .Methyl® (Bio- functional substiruteni is a charged sulfonic acid group* 
Rad) chromatography can be performed as follows. The pH which is negatively charged over a working pH range of 2 
of the harvest or harvest concentrate is adjusted to 5.6. and to 1 2. Proteins with a net positive charge at the working pH 
ammonium sulfate is added to 0.70 M final concentration. 10 wiU tend to bind to the resin at a relatively low ionic strength 
The prepared harvest can be applied to the MacroPrep and can be ehrted at higher ionic strength or higher pH. 
Methyl® column, which has been equilibrated in 0.70 M HmGCB binds to SP Sepharose at approximately pH 6 and 
ammonmm sulfate, 10 mM MES. pH 5.6. After application intermediate ionic strength (e.g. 6.5 mS/cm) and can be 
of the load, the column is washed with equilibrated buffer ehited at higher ionic strength (e.g.. 10.7 mS/cm). Impurity 
until the A280 returns to baseline. The hmGCB can be ehrted 15 proteins remain bound to SP Sepharose under conditions of 
with 10 mM MES. pH 5.6. The eluted hmGCB can be hmGCB elution. thereby purifying the hmGCB in the 
uftrafiltered and/or diafiltered in preparation for steps such sample. For example, thefollowing protocol can be used to 
as an ion exchange step such as Q Sepharose chromatogia- purity hmGCB by SP Sepharose Fast Flou fr chromatogra- 
phy, SP Sepharose chromatography and/or Superdex 200 phy. Sodium chloride (2.0 M stock) is added to the Q 
Chromatography. 20 Sepharose® flowthrough/wash until the conductivity is 6.3 
Q Sepharose Chromatography roS/cm. The pH is checked and readjusted to pH 6.0 if 
Q Sepharose Fast Flow® (Amersham Pharmacia) is a necessary. Then, addition of sodium chloride stock is con- 
relatiyely strong anion exchange chromatography resin The tinued until the conductivity is 6.5 mS/cm. The material is 
functional substituted is a o^teraary amme group, which is filtered and applied to a cohimn of SP Sepharose Fast 
positively charged over the working pH range of 2 to 12. 25 Flow®, which has been equilibrated with 25 mM sodium 
Proteins with a net negative charge at the working pH will phosphate, 44 mM sodium chloride. pH 6.0. After applica- 
tend to bind to the resin a! a relatively lew icsie strength and iwn of fne load, the column is washed with equilibration 
can be eluted at higher ionic strength or lower pH. HmGCB buffer until the baseline is reached and eluted with 25 mM 
does not bind to Q Sepharose at approximately pH 6 and low sodium phosphate, 84 mM sodium chloride. pH 6.0. 
ionic strength, but impurities do bind, thereby purifying the 30 HmGCB is found in the ehnion fraction, 
sample. For example, the following protocol can be used to Another cation exchange resin, e.g.. Source 305® (Phar- 
purify hnKiCB in the sample by Q Sepharose Fast Flow® macia), CM Sepharose Fast How* (Pharmacia). Macro- 
chromatography. Under appropriate conditions, hmGCB Prep CM Support® (BioRad) or Macro-Prep High S Sup- 
flows through this column, so the product is found in the port® (BioRad), can be used as an alternative to SP 
flowthrough/wash fraction- Sodium phosphate (250 mM : pH 35 Sepharose. The hmGCB can bind lo the column at approxi- 
6) is added to the MEP elution pool prepared as described mately pH 6 and low to intermediate ionic strength, such as 
above to a final concentration of 25 mM, and the pH of the 4 to 7 mS/cm. A buffer. e.t>.. 10 mM sodium citrate! pH 6.0. 
pool is adjusted to pH 6 with NaOH (and HC1 if necessary). 10 mM MES, pH 6.0, 25 mM sodium phosphate. pH 6.0. or 
The conductivity is adjusted to 2_5±0.1 mS/cm by dilution other buffer with adequate buffering capacity at pH 6.0 can 
with water or by uhraffltratiori/diaratration using 25 mM 40 be used to equilibrate the column. The ionic srrenatb of the 
sodium phosphate, 2 mM DTT, at approximately pH 6. The sample is adjusted by dilution or diafiltration to a level 
material is then filtered and applied to a column of Q which will accoinmodate binding to the column. The sample 
Sepharose Fast Flow® which has been equilibrated in 25 is applied to the cohimn and the column is washed after the 
mM sodium phosphate, 2 mM DTT, pH 6.0. After applica- load to remove unbound material. A salt e.g^ sodium 
tion of the load, the cohimn is washed with equilibration 45 chloride or potassium chloride, can be used to elute the 
buffer until the A280 reaches baseline. The flowthrough/ hmGCB from the column. Alternatively, the hmGCB can be 
wash fraction can then be processed through another col- eluted from the column with a butler of higher pH or a 
umn, c.g M SP Sepharose Fast Flow® column, shortly there- combination of higher salt concentration and hiahcr pH. 
after, e.g.. within 24 hours, or frozen and stored at about The hmGCB can also be made to flow through the cation 
-20° C to -80° C. prior to further processing. 50 exchange column during loading by increasing the salt 
Other strong anion exchange resins, such as Macro-Prep concentration in the equilibration buffer and in the sample 
High Q Support® (BioRad) can be used in place of Q load, by running the column at a higher pH or by a 
Sepharose. A weaker anion exchange resin such as OEAH combination of both increased sail and higher pH. 
Sepharose Fast Flow® (Pharmacia) or Macro-Prep DEAE® Superdex 200 Chromatography 

(BioRad) can also be used. The column is equilibrated in 55 Superdex 200 prep graded (Amcrsham Pharmacia) is 

buffc^c.g^25niMsodUumphosphalapH6.ThepHofthc used for size exclusion chromatography of hmGCB. 

sample is adjusted to pi J 6 and the conductivity is adjusted whereby molecules are separated bv size, molecular mass, 

by dilution or diafiltration to a relatively low ionic strength, . strokes radius or hydiodfynamic volume. Superdex 200 is 

which allows impurities to bind to the column and hmGCB composed of dextran covalentry cross linked to agarose and 

to flow through. The sample is applied and the column is 60 has a fractionation range of 10.000 to 60.000 molecular 

washed with equilibration buffer. Impurities are still bound weight for globular proteins. For example, the following 

to the column, and can be eluted with application of salt, protocol can be used to purifv hmGCB by Superdex 200® 

c.g„ sodium chloride or potassium chloride, or application chromatography. The SP elution pool is concentrated by 

of a lower pi J buffer, or a combination of increased salt and ultrafiltration using a 10,000 mw cutoff membrane. The 

lower pH. 65 concentrated pool is filtered; then applied to a Superdex 200 

The hmGCB can also be allowed to bind the anion prep grade® column which has been equilibrated in 50 mM 

exchange cohimn during loading by decreasing the salt sodium citrate, pH 6.0. The A280 of the column effluent in ??* 
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the initial fractions is collected and for example, an 8 to sodium bisulfite: chelating agents such asethylenediaraine- 
1 6% SDS polyacrylamide gel is run to determine pooling of tetraacetic acid: biuTers such as acetates, citrates or phox- 
fractrons Pooling may be decided based on visual ins-pec- phates and agents for the adjustment of tonicity such as 
uon of the siKer-stmned geL ^ma chloride or dextrose. pH can be adjusted with acids 

<^™.T^mpT R tTf' ^ y ^ or bases, such as hydrochloric acid or sodium hydroxide. 

SKSJ^^L , t^r^ ^ can be enclosed in ampou.es. 

IbK uel resins can also be used to punfv hmGCB. The ^^^.^ „ ■ ;/ _ . . . , . t v 

buffer used for size exclusion chromato^phy of hmGCB is * g ™ 

50 niM sodium citrate, pH 6.0. Other buffers can also be P ^ 

used such as 25 mM sodium phosphate. pH 6.0 containing 10 Pharmaceutical compositions suitable for injectable use 

0.15 M sodium chloride. The pH of the buffer can be include sterile aqueous solutions (where waier soluble) or 

between pH 5 and pH 7 and should have sufficient ionic dispersions and sterile powders. e.g., ryophilized prepara- 

strength to minimize ionic interactions with the column. tl0nSr for the extemporaneous preparation of sterile inject - 

Variations of pH, buffer and/or salt concentration in any ab ? e s 0 " 11 * 0115 or dispersion. For intravenous administration, 

of the purification protocols described above can be per- 15 suilabIe carriers include physiological saline, bacteriostatic 

formed by routine methods to achieve the desired purified wa1er - Cre 5 DO Pta' EL<E ! (BASF, Parsippany, N J.) or pbos- 

product. pbate buffered saline (PBS). In all cases, the composition 

r ^ . . w , , r nriusi be sterile and should be fluid lo the extent thai easy 

Assays for toermmmg Macrophage Uptake and Cellular s>Tingobility exists. It must be stable under the conditions of 

targeting of hmGCB ^ manufacture and storage and must be preserved against the 

J ne uptake eificiency of hmGCB by macrophages can be ' contaminating action of microorganisms such as bacteria 

determined by assaying, e.g^ protein levels and/or enzyme and fungi. The carrier can be a solvent or dispersion medium 

actrvjty in macrophages- For example, as described in the containing, for example, water, ethanol porvoi (for example 

^Tf^^ aDd ™ DimCDl * * ° 987) * / ^ocwe gryceroKpropyleneglvcoUand liquid poryetheylene gl^K 

Btol 42:485-490, an in vitro assay using a macrophage cell and the like), and suitable mixtures thereof. The proper 

hnc am be used to determine absolute and mannose receptor " fluidity can be maintained- for example, by the use of a 

specific uptake of hmGCB. coating ^ as ^ , hc ^.^j^^^ ^ 

, "t^"™- m ™° <*>™Panso* of uptake of hmGCB and panicle size in the case of dispersion and by the use of 

°y hver he ^ermined as described, for surfactants. Prevention of the action of microorganisms can 

example, m Friedman et al. (1999) Blood 93:2807-2816. be achieved by various antibacterial and antifuLgal agents. 

Briefly a mouse model can be injected with hmGCB or 30 for example, parabens. chlorobutanol. phenol, ascorbic acid! 

GCB and then sacrificed shortly thereafter. The liver of the thimerosaL and the like. In manv cases, it will be preferable 

ammal can then be used to prepare a suspension of liver to include isotonic agents, for example, sugars, polvalcohols 

cells e.g., parenchymal c^ls, Kupffer cells, endothelial cells such as manitol. sorbitol! sodium chloride in the 'composi- 

and hepatoses. The cells can then be separated, identified tion. Prolonged stabilitv of the injectable compositions can 

by nwrrdwlogy and the protein levels and/or enzymatic be brought about by including in the composition an agent 

activity of hmGCB and GCB in the various liver cell types which delays adsorption, for example, aluminum 

can be detennmcd. Alternatively, immunohistochcmical monostearate. human serum albumin and gelatin 

detection may be be used to localize hmGCB to a specific c .— -i • *«. ui « . . , - 

cell or cell type in tissue of treated animals. solutions can be prepared by mcorpo- 

40 rating the hmGCB in the required amount in an appropriate 

Pharmaceutical Compositions solvent with one or a combination of ingredients enumerated 

High mannose glucocerebrosidase (hmGCB) can be above, as required, followed by filtered sterilization. Gen- 

incorporated into pharmaceutical compositions suitable for erally, dispersions are prepared by incorporating the active 

administration to a subject, e.g., a human. The composition compound into a sterile vehicle which contains a basic 
can include a sufficient dosage of hmGCB to treat a subject 45 dispersion medium and the required other ingredients from 

having Gaucher disease. As used herein the language **phar- loose enumerated above. In the case of sterile powders for 

maceuticaHy acceptable carrier** is intended to include any tne preparation of sterile injectable solutions, the preferred 

and all solvents, excrpicnts, dispersion media, coatings? methods of preparation are vacuum drying and frceze- 

antibacierial and antifungal agents, isotonic and adsorption drying, e.g. t ryophilization, which yields a powder of the 

delaying agents, and the like, compatible with pharmaceu- 50 active ingredient phis any additional desired ingredient from 

ucal administration. The use of such media and agents for a previously sterile-filtered solution thereof, 

pharmaceutically active substances is well known in the art. In one embodiment, the active compounds are prepared 

Except insofar as any conventional media or agent is incom- with carriers that will protect the compound against rapid 

palible with the active compound, such media can be used elimination from the body, such as a controlled release 

m the compositions of the invention. Supplementary active 55 formulation, including implants and microencapsulated 

compounds can also be incorporated into the compositions, delivery systems. Biodegradable, biocompatible polymers 

A pharmaceutical composition of the invention is formu- - can be used, such as ethylene vinyl acetate, polyanhydrides, 

lated to be compatible with its intended route of adminis- polyglycolic acid, collagen, poJyorthoesters, and porylactic 

tration. Examples of routes of administration include acid. Methods for preparation of such formulations will be 

parenteral, e.g.. intravenous, mlrddermal, and subcutaneous 60 apparent to those skilled in the art. fhe materials can also be 

admnustratwa Preferably, the route of administration is obtained commercially from Alza Corporation and Nova 

intravenous. Solutions or suspensions used for parenteral Pbannacariicals. Inc. liposomal suspensions (including 

application can include the following components: a sterile liposomes targeted to infected cells with monoclonal anti- 

diloent such as water for injection, saline solution, fixed oils, bodies to viral antigens) can also be used as pharmaceutic 

polyethylene glycols, glycerine, propylene glycol or other 65 calry acceptable carriers. These can be prepared according to 

synthetic solvents: antibacterial agents such as benzyl alco- methods known to those skilled in the art, for example, as 

hoi ormethyl parabens; antioxidants such as ascorbic acid or described in U.S. Pat No. 4 S 522£J 1 . 
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Treaimeni of Gaucher Disease cyies in the spleen. Such lysosomal storage diseases include, 

HmtiCB, e.g.. any hmGCB molecule or preparation bin are not limited to. Farher disease and Neimann-Pick 

described herein, can be used to treat a subject having disease. 

Gaucher disease. Alternatively, any maiuiosidase knockout Farber disease is an autosomal recessive lysosomal stor- 
cell described herein, can be introduced into a subject having 5 age disorder characterized by a deficiency in acid ccrami- 

Gaucher disease to deliver hmGCB to the subject. Various dase. Ceramidases are enzymes responsible for degradation 

routed of administration and various sites can be used. Once of ceramide. If ceramide degradation is insufficient then 

implanted in individual, the knockout cell can produce ceramide accumulates leading to granuloma formation and 

hnrtiCB- histiocytic response. (Moser. H. W. Ceramidase deficiency: 

Preferably, the knockout cells used will generally be 10 Farber lipogranulomaiosis: in: Ihe Metabolic and Molecu- 

patiehl-specific genetically engineered cells. It is possible. tor Basis of Inherited Disease (C. R. Scriver, A. L. Beaudet. 

however, to obtain cells form another individual of the same W. S. Sly and D. Valle, Eds.), Seventh edition, pp. 

species or form a different species. Use of such cells might 2589-2599. McGraw-Hill Inc., New York (1 995)) 

require administration of an immunosuppressant, alteration There are several types of Farber disease including Farber 
of histocompatibility antigens, or use of a barrier device to 15 type 1, type 2, type 3. type 4. and type 5 which differ in 

prevent rejection of the implanted cells. . severity and sites of major tissue involvement. There is also 

Gaucher disease is an autosomal recessive lysosomal type 6 and type 7 Farber disease. High lnannose. acid 

storage disorder characterized by a deficiency in the ryso- ceramidase can be given to a subject having Farber disease 

somal enzyme, glucocerebrosidase (GCB). GCB hydrolyzes *> treat, i.e.. alleviate or reduce at least one symptom, of the 

the gtycolipid glococerebroside that is formed after degra- disease. Symptoms of Farber disease type I include: swell- 

dation of glycosphingolipids in the membranes of white >ng of the joints (particularly the interphalangeal, metacar- 

blood cells and red blood cells. If GCB hydrolysis is paL ankle, wrist, knee and elbow), palpable nodules in 

insufficient then glucocerebroside can accumulate in mac- relation to the affected joints and over pressure points, a 

rophages (Gaucher cells), causing anemia, thrombocytope- hoarse cry that may progress to aphonia, feeding and res- 
ma, organomegaly and major bone problems. 25 piratory difficulty, poor weight gain and intermittent fever. 

There are several types of Gaucher disease including The symptoms usually occur between ages two weeks and 

Gaucher type L type 2 and type 3, which can arise due to four months. Symptoms of Farber type 2 ajiu type 3 include: 

various mutations in the GCB gene. A "therapeutically subcutaneous nodulaes. joint deformities, and laryngeal 

effective amount" of hmGCB, ie., a dosage of hmGCB involvement. These subjects survive longer than subjects 
sufficient lo treat Gaucher disease, can be given to a subject 30 having Farber type 1. Farber disease type 5 symptoms 

having this disorder. The term "treat; T as used herein refers include psychomotor deterioration beginning at one to two 

to reducing or inhibiting one or more symptoms of Gaudier antJ half years of age. 

disease. Symptoms of Gaucher disease type 1 include: skel- Neimann-Pick disease type A and type B are an autosomal 

etal complications such as bone pain T bone lesions, ostcope- recessive lysosomal storage disorder characterized by a 

nia. osteonecrosis, avascular necrosis and pathological frac- 35 deficiency acid sphingomyelinase. Acid sphingomyelinase 

tures; anemia; hepatosplenomegaly: splenic nodules and is an emyine responsible for degradation of sphingomyelin, 

liver dysfunction: thrombocytopenia: and/or delayed growth If sphingomyelinase is deficient, sphingomyelin and other 

and pubertal development. Symptoms of Gaucher disease lipids can accumulate in the monocyte-macrophage system* 

type II include the symptoms or Gaucher type I as well as (Schuman, E. H. and Desnick, R. J. Neimann-Pick Disease 

neck rigidity, apathy, catatonia, strabismus, increased deep 40 IV P es A and B: acid sphingomyelinase deficiencies: In: The 

reflex and laryngeal spasm. Symptoms of Gaucher disease Metabolic and Molecular Basis of Inherited Disease (C. R. 

type 111 are similar to Gaucher type II except milder and later Scriver, A. L. Beaudet W. S. Sly and D. Valle, Eds.), 

in onset. Seventh edition, pp. 25S9-2599, McGraw-Hill Inc., New 

A therapeutically effective amount of hmGCB can be Yoric (*99 5 )) 

<kterrnined on an individual basis and will be based, at least 45 There are several types of Neimann-Pick disease inclod- 

in part, on consideration of the size of the patient, the agent * n S l yP e A and type B. High rnannose acid sphingomyelinase 

used, the type of delivery system used, the time of admin- can be & ven lo a subject having Neimann-Pick disease to 

istration relative to the severity of the disease, and whether Ucat * *- c • alleviate or reduce at least one symptom, of the 

a single, multiple, or a controlled release dose regimen is disease. Symptoms of Neimann-Pick disease type A include: 

: employed. Preferably, the dosage of hroCrCB sufficient to 50 enlargement of the spleen and liver. lymphadenopathy, 

treat Gaucher disease is less than the dosaee of human tissue microcytic anemia, decreased platelet count, hypotonia, 

derived or human placenta derived GCB^or GCB produced muscular weakness, psychomotor retardation. Symptoms of 

by cells in vitro and then trimmed to expose core rnannose Neimann-Pick type B include: enlargement of the liver 

residues. and/or spleen, heptoslenomegary; pulmonary compromise. 

- s 5 Thus, high rnannose lysosomal storage enzymes such as 
Ireatment of Other Lysosomal Storage Diseases high rnannose acid ceramidase or high rnannose acid spin- 
Generally, the invention described herein can be used to gomyelinase can be produced by the methods described 
produce proteins for targeting any cells that express man- herein in order to target these proteins to rnannose receptor- 
nose receptors on their surface. Thus, the invention expressing cells, 
described herein can be used to treat any disorder in which 60 

it is desirable to target a protein for treatment to a rnannose EXAMPLES 
receptor^pressing ceD. For example, the invention 

described herein can also be applied to other lysosomal In experiments with HT-1080 cells in which the gluco- 

storage enzymes and other lysosomal storage diseases in cerehrosidase gene has been activated as described in U.S. 

which cells, e.^ the cells of reticuloendothelial origin, 65 5,641,670 (Gene-Activated™® GCB (GA-GCB)), the cells 

accumulate undigested substrate. Reticuloendothelial cells were treated with either kifimensine or swainsonine at 

include macrophages, Kupfler cells in the liver and histio- concentrations ranging from 0.1 to 2 ug/mL. 
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Effect of Kifunensine or Swainsonine on GA-GCB Glyco- 
fornis 

HT-1080 cells producing GA-GCB were plated in dupli- 
cate 6-welI plates and (he Production Medium adjusted to 
the following concentrations of kifunensine or swainsonine: 
0 (no drug). 0. 1. 0.25, 0.5. Land 2 ug/mL. The medium was 
harvested and the cells reied every 24 hours for three days. 
Tbe samples from the third day were subjected to isoelectric 
focusing (IEF) analysis. The effect of kifunensine and 
swainsonine on the molecular charge of GA-GCB is shown 
by the IEF analysis. With both drugs, a concentration 
dependem increase in the apparent isoelectric point (pi) was 
observed, with kifunensine causing a much larger shift in pi 
than swainsonine at the highest concentration tested (2 
pg/raL). 

Effect of Kilunensine or Swainsonine on GA-GCB Produc- 
tion 

Ten roller bottles (surface area, 1700 cm 2 each) were 
seeded in Growth Medium (DMEM with 10% calf serum) 
with HT-1080 cells prc>ducing GA-GCB. Following two 
weeks of growth, the medium was aspirated and 200 mL of 
fresh Production Medium (DMKM/F12, 0% calf serum) was 
added 10 ihree sets of roller bottles. Two sets of 4 roller 
bottles were treated with 1 ug/mL of cither kifunensine or 
swainsonine. The third group of two roller bottles received 
no drug treatment. After approximately 24 hours, the 
medium from each i oiler bottle was harvested, pooled and a 
sample taken for GA-GCB enzymatic activity analysis. This 
procedure was repealed for seven days. Stable production of ^ 
GA-GCB was observed for all roller bottles throughout the 
seven daily harvests (Tabic 1). Absolute levels of the 
enzyme, however, varied according to drug treatment group 
with the following average GA-GCB production levels 
observed across the seven harvests: 383±3-5 mg/L (control 
no drug treatment). 24.5±4.0 mg/L (swainsonine. 1 ug/mL)j 
and 213*2.8 mg/L (kijunensine. 1 ug/mL). Both drugs, 
therefore, resulled in stable, but lower production levels with 
the largest decrease seen for kifunensine (44% reduction 
relative to control). 
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TABLE I 



Roller Bottle Production of Gtucoceiebrosidase in Ceils Treated with 
Mannosidasc Inhibitors 



Glucocerebrostdase m> Activity f*» maTireri 



45 



Han 

VCSJ 

Treatment 1 



Har- 
vest 



Har- 
vest 
3 



Har- 
vest 
4 



Har- 
vest 
5 



Har- 
vest 
6 



Har- 
vest 
7 



Average ± 
Standard 
Deviation 



rophage cell line. Tbe specific objective of tbe experiment 
was to determine the absolute and mannose receplor-speciffc 
uptake of GA-GCB in mouse J774E cells. One day prior to 
assay. J774E cells were plated at 50,000 cells/cm 2 in 1 2 well 
plates in Growth Medium. For the assay. 0.5 mL of Produc- 
tion Medium (DMEM/FJ2), 0% calf serum) containing 50 
nM vitamin D3 (1,2-5. Dihydroxy vitamin TO) was added to 
the cells. Unpurified GA-GCB (fixtm harvest 4, Table 1 ) was 
added to the test wells at a final concentration of 10 ug/mL 
in the presence or absence of 2 ug/mL mannan (a competitor 
for the mannose receptor). Three different forms of GA- 
<r€B were used: GA-GOB from cells treated with kifun- 
ensine (I ug/mL) ; GA-GCB from cells treated with swain- 
sonine (I ug/mL), and GA-GCB (1 pg/mL) from untreated 
cells. Control wells received no GA-GCB. The wells were 
incubated for 4 hours at 37° C_ then washed extensively in 
buffered saline, scraped into GA-GCB enzyme reaction 
buffer, passed through 2 freeze/thaw cycles, and clarified by 
centrifugatiun. I"he supemantant was then quantitatively 
tested for enzyme activity and total protein, lntcmabzarion 
of GA-GCB into mouse J744E cells is shown in Tabic 2 and 
is reported as Units/mg of cell lysate. These results demon- 
strated that uptake of GA-GCB from kifunensine treated 
cells was 14-fold over background and 73% inhibitable by 
mannan and that uptake of GA-GCB from swainsonine 
treated cells was 7-fold over hacfcgroisnd and 67% iiiJiib- 
hable by mannan. In addition., they also demonstrate that 
uptake of GA-GCB from untreated cells was approximately 
3-fold over background and 53% inhibitable by mannan. 
Thus, the inhibition of intracellular mannosidases by either 
kifunensine or swainsonine results in GA-GCB that can be 
transported into cells efficiently via the mannose receptor, 
with kifunensine causing an approximately 2-fold greater 
uptake than swainsonine. Improvement in targeting of GA- 
GCB to cells via mannose receptors can therefore be opti- 
mized by production of GA-GCB in the presence of kifun- 
ensine or swainsonine. 

TABLE 2 

Internalization of Ghicoccrefcrositlase Lao J774E Cdls. 
Gtucocerebmsidase Produced from Cells Tnsated wiffa Maratosidase 
. Inhibitors 

'VHucocctcbfositlase 

Activity 
(Units/mg cell rvsate) 



l>> SampJe 



Absolute 



Background 
Corrected 



Inhibition 



No drug 35* 36.6 44.9 40.5 34.6 38J 37.2 3«L3 a- 3 * 
added 

Swain- 28.6 17.4 28.5 27.0 223 25.0 223 24.5 ± 4.0 

soninc 

(1 pg'Vnt) 

Kifunen- 26.0 22.9 17.7 21.2 18.4 21.0 22.0 21.3*2.8 
.sine 
(1 pj/ml) 

Assay performed as follows; lest article is mixed with the enzyme sufy* 
suite (4-ineiiiyltanbellifer>'^I^ and iimitened for I 

hour at 37* C. The reaction is stopped by the addition rfKaOHAjJyone 
buffer. Fluorescence is quantified by the use of a fluorescence spectropho- 
tometer. 

b) Specific activity: 2300 Unrtstag. One unit is defined as the convcision 
of 1 uMole of substrate in I faoor at 37* C 

Effect of Kifunensine or Swainsonine on GA-GCB Uptake 
into Macrophages 

GA-GCB produced in HT-1080 cells was used in an in 
vitro assay to determine uptake efficiency in a mouse mac- 



50 Background (no GA-GCB added; 655 0 

GA-GCB from untreated cells * 2816 2161 

Mannan i67g \ m 

GA-GCB from kifunensine treated 9185 8530 

cells + Mannan 2977 2322 

GA-GCB from swainsonine treated 4787 4132 

55 ceils + Mannan 2036 1381 



53 
73 
67 



60 



''Assay performed as follows: sample is mixed with the enzyme suhsJnflc 
(4-mcthyhimbeu ifcryi-p^ D-gJucopyranoside) and incubated for 1 hour at 
37* C. The reaction is stopped by the addition of NaOH<iryciiie buffer. 
Fluorescence is quantified by the use of a fluorescence spectrophotometer. 
Total protein detenu iued in freeze/thaw odl rysates by bianchouink acid 
(BCA). Activity reported as unils/mg total protein. One Unit is defined as 
the conversion of I uMole of substrate in 1 hour at 37* C. 
•tells treated with drug received 1 Mp/'mL of either Kifiinensine or 
Swainsonine in the pr e sen ce or absence of mannan (2 pg'mJL). 



65 Purification and Characterizaiion of hmGCB 

HmGCB was purified from the culture medium of human 
fibroblasts grown in the presence of kifunensine at a con- 
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centra tion of 2 ug/mL The four N-linked glycans present on 
hmGCB were released by peptide N-glycosidase F and 
purified using a Sep-pak CIS cartridge. Oligosaccharides 
ehiting in the 5% acetic acid fraction were permethylated 
using sodium hydroxide and methyl iodide, dissolved in. 
methanol: water (80:20)i and portions of the pennethylated 
glycan mixture were analyzed by matrix-assisted laser des- 
orption ionization timc-of-flight mass spectroscopy 
(MALDI-TOF-MS). The sample was analyzed on a Voyager 
S1*R Biospectrometry Research Station laser-desorption 
mass spectrometer coupled with Delayed Extraction using a 
matrix of 2^-dihydroxybcnzoic acid. A pattern of pseudo- 
molecular ions is seen in the range m/z 1 500-2500, indi- 
cating the presence of high-mannose glycans ranging from 
Man 5 GlcNAc 2 to Ma%GIcNAc 2 . 

, TABLE 3 . 

Sanroaiy of Data Obtained from MALDI-TOF-MS Analysis of N-Gtycaus 
fiom hmGCB from Kifuncnsme- Treated Ceils 
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TABLE 3-coniinued 



to 



Suinniaiy of Otfa Obtained from MALDI-TOF-MS AjuIvs* of N-Glycany 




from hmGCB from Kiftmensine-Tresied Ofls 






Approximare % of Twal 




l^eak Assignment 


Glycans 


2343 




51.2 


2365 






2397 






2969 


Biantecnsjy complex 


1.0 



WZ 


Peak Assignment 


Glycans 


1580 


Man^GfcNAc, 


13 


1730 


Man«GlcNAc 2 


U2 


1752 






. 1784 






1934 


Man^JcKAc. 


223 


1957 




1988 






2139 


MaifeGIcKAc 2 


3Z0 


2161 






2192 







The most abundant high mannose glycans present are 
Man 9 GIcNAc 3 and ManSGIcNAc-, with decreasing abuu- 
15 dances of ManyGlcNAc^. Ma^GlcNAc,. and 
ManjGlcNAc^ A trace amount of a fucosylaied biantennary 
complex glycan containing two sialic acid residues was 
observed. An approximate indication of the relative abun- 
dancy of each glycan is obtained by measuring the peak 
20 heights. See Table 3. A more accurate assessment of the 
average chain length of the high mannose glycans was 
obtained by MALDI-TOF-MS analysis of the intact glyco- 
protein. A sharp peak was obtained at m/z 62 f 483.1 due to 
the homogeneity of the glycan chains. The mass of the 
25 mature peptide calculated from the amino acid sequence is 
55.577.6. indicating the four N-linked glycan chains con- 
tribute 6905.5 to the total mass of hmGCB. From this 
number, it can be calculated that the average glycan length 
is 8.15 mannose residues. 

All patents and references cited herein are incorporated in 
their entirety by reference. 

Other embodiments, are within following claims. 
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SEQUENCE LISTING 



<160> NUMBER OP SEQ H> NOS: 2 

<210> SEQ ID NO 1 

<2U> LENGTH: 8650 

<212> TYPE: DBA 

<213> ORGANISM: Homo sapiens 

<400> SEQUENCE: 1 

tctagaaaga cttcactgag atcatttaaa gaacaaaaag gatggctggg gtccagcgca 60 

gtggctcatg cctgtaatcc eagcactttc ggataccaag gc age a gate acctgaggtc 120 

cagagtttca gaccagcctg gecaacatag tgaaacccca tctcrtacrtaa aaataaaaaa 180 

attagctgag catgttggag ggcacctgta atcccagcta cttgggaggc tgaggcagga 240 

gaatcacrtcg aacccaggag gtggaggttg cagtgageca agatcacgcc acrtgcactcc 300 

agectgggea acagagtgog octet gt etc aaaaaacaac aacaacaaaa aatacaaaca 360 

agagacaagt agttcccagg tgcctaccaa gtggtcnggc actgeactta cctcactgac 420 

tgeagtaace ac cctttgag gttgtggcat tgcctccatt ttccaggcaa ggaaatggge 480 

tgagagctgg gattagtcag gtcatgactg tgtgtgccac tcccgctaaa tctcatttga 540 

tgtggttcat gaggccacac catggacagc ttcetccttg tgtccactga ggatatggct 600 

ttgtacaaca ctttggtttt ttgaaegact ttocaoocct ccctgtcttg tgaggaagga 660 

agaacag-tta ttoccatctg catctgatga tgaaacaagg gaegctgeag aggagecgea 720 
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-continued 

ctgaccactc cctccctcca gfccctgtcat cccacrtgcca grtgtcccacc etettgtgcc 780 
ctgcacttca ctggctaata acecccctca ctttttcctc tgtgaagcca tcctggataa 640 
ttccccaccc acgaatggtc cctcctcatc tcagagagct ctccatgcac acctgttacc 900 
gtttctgtct ttatctgtaa atatctgtgt gtetgacttc catgcctcac acacctctat 960 
agggcaaaga ctgtcttaaa catcttggto gtgtcagtat -tttgcacagt gaagtttttt 3020 
tttttaaatt atatcagctt tatttgtacc tttttgacat ttetatcaaa aaagaagtgt 1080 
gcctgctgtg gttcccatcc tctgggattt aggagcctct accccattct ccatgcaaat 1140 
ctgtgttcta ggctcttcct aaagttgtca cccatacatg cc<rtccagag tt-ttataggg 1200 
catataatcg taacagatga gaggaagcca" attgcccttt agaaatatgg ctgtgattgc 1260 
etcacttect gtgtcatgtg acgctccrbag tcatcacatg acccatccac atcgggaagc 1320 

cggaattact tgcagggcta acctagtgcc tatagctaag gcaggtacct gcatccttgt 1380 

ttttgtttag tggatcctct atccttcaga gactctggaa cccctgtggt cttctcttca 1440 

tctaatgacc ctgaggggat ggagttttca agtccttcca gagaggtaag agagagagct 1500 

cccaatcagc attgtcacag tgcttctgga atcctggcae tggaatttaa tgaatgacag 1560 

actctetttg aatccagggc cotcatggct ctttgagcaa ggcacagatg gagggagggg 1620 

tcgaagttga aatgggtggg aagagtggtg gggagcatcc tgatttgggg tgggcagaga 1680 

gttgtcatca gaagggttgc agggagagct gcacccaggt ttctgtgggc cttgtcctaa 1740 . 

tgaatgtggg agaccgggcc atgggcaccc aaaggcagct aagccctgcc caggagagta 1800 

gttgaggggt ggagaggggc ttgcttttca gtcattcctc attctgtcct caggaatgtc 1860 

ccaagccttt gagtagggta age at oat gg ctggcagcct cacaggattg cttctacttc 1920 

aggcagtgtc gtgggcatca ggtgagtgag tcaaggcagt ggggaggtag cacagagcct 1980 

cccttctgcc tcatagtcct ttggtagcct tccagtaagc tggtggtaga cttttagtag 2040 

g-tgetcaata eatecttttg agtgactgag accaacrtttg gggtgaggat tttgtttttt 2100 

ttcttttgaa acagagtctt actctgttgc ctgggctgga gtgcagtggt gcaattttgg 2160 

etcattccaa cctctgcctc ccagattcaa gegatrtctet tgettcaget tcccaggtag 2220 

ctgggattac aggcggccac cactacgccc agctaatttt tgtattttrta gtagagaegg 2280 

ggtttcecca tgctggcaag gcaggtctca aacrtcctcac ctcaggtgat ccgcccacct 2340 

cggcetccta aagtgctagg attacaggtg tgagcccctg cgcocggcca aggggngagg 2400 

aattttgaaa ccgtgttcag tctctcetag cagatgtgtc cattctccat gtcttcatca 2460 

gacctcactc tgcttgtact ccctccctcc caggtgcccg cccctgcatc cert aa a a get 2520 

teggctacag etcggtggtg tgtgtctgca atgecacata ctgtgactcc tttgaccccc 2580 

cgacctttcc tgcccttggt accttcagcc gctatgagag tacaegcagt gggcgacgga 2640 

tggagctgag totggggece atccaggcta ateacaeggg cacaggtaac cattacaccc 2700 

ctcaccccct gggecagget gggtcetcct agaggtaaat ggtgtcagtg atcaccatgg 2760 

agtttcccgc tgggtacrtga tacccttatt ccctg-tggat gtcctcaggc ctgctactga 2820 

ccctgcagcc agaacagaag ttccagaaag tgaagggatt tggaggggee atgacagatg 2880 

ctgctgctct caacatcctt gccctgtcac cccctgccca aaatttgeta ettaaategt . 2940 

acttctctga agaaggtgag gaggaagggg acaagatgac atagagecat tgaaactttt 3000 

cgtttttctt -ttcttttttt aaaatttttt tgaggcagaa tctcactctg cccattxrtgt 3060 
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cggcgagaca ggagtgcagt ggtgtgatct cccctcacag eaacctctgc ctcccaggct. 3120 

atagtgattc tcctgcctca gcctcctgeg tagctggeat tataggcgtg cgccactacc 31B0 

_ acctggctaa t/ttttgtatt tttagtagag acagggtttc atcotgttga ccaggctagt 3240 

cttaaactcc tgacctcaaa tgatatacct gcct-tggcct cccgaagtgc tggaattaca 3300 

agtgtgagcc accgagccca gcagacactt ttcttttttc tttttttttt tttgagacag 3360 

agtctcgcac tgtcacccag gctggagHgc agtggcacaa tctcogetca ctgcaacctc 3420 

cacctcccgg gttcaggtga ttctcctgtc teagcetctc gagtacctgg gattacaggt 3480 

gcctgccacc acgcccggct aattttttgt atrttttagta gagacagggt ttcactatgt 3540 

tggccaggat gattgcgaac tcctgacctc gtgatctgcc cacatcggcc tcccaaagtg 3600 

ctgggattac atgcgtgagc cactgacact **<tctttgcc ctttctttgg accctgadrt 3660 

ctgcccatcc etgacatttg gttcctgttt taatgccctg tgaaataaga tttcgccgcc 3720 

tatcatctgc taactgctac ggactcaggc tcagaaaggc ctgcgcttca cccaggtgcc 3780 

agcctccaca ggttccaacc caggagccca agttccettt ggccctgact cagacactat 3840 

taggactggc aagtgataag cagagtccca tactctccta ttgactcgga. ctaccatatc 3900 

ttgatcatcc 'ttttctgtag gaatcggata taacatcatc cgggtaccca tggccagctg 3960 

tgactvctcc atccgcacct acacctatgc agacacccct gatgatttcc agttgcacaa 4020 

cttcagcctc ccagaggaag ataccaagct caaggtaggc attctagctt tttcaggccc 4080 

tgagggccct gatgtctggg ggttgagaaa ctgtagggta ggtctgcttg tacagacatt . 4140 

ttgtcccctg ctgttttgtc otgggggtgg gagggtggag gctaatggct gaaccggatg 4200 

coctggttgg gctagtatgt gttccaactc tgggtgerttc tctcttcact acctttgtct 4260 

ctagataccc ctgattcacc gagccctgca gttggcccag cgtcccgttt caetccttgc 4320 

cagcccctgg acatcaccca cttggctcaa gaccaatgga gcggtgaatg ggaaggggtc 4 380 

actcaaggga cagcccggag acatctacca ccagacctgg gccagatact ttgtgaagta 4440 

agggatcagc aaggatgtgg gatcaggsct ggctrteccat ttagccatgc tgatctgtgt 4500 

cccaaccctc aacctagttc cacttccaga tctgcctgtc crtcagctcac ctttctacct 4560 

tctgggcctt tcagcctrtgg gcctgtcaat cttgcccact cca-tcaggct tcctgttctc 4620 

tcggtctggc ccactttctt t.t*attt*tc -ttct-tttttt trttttttgag aaggagtctc 4680 

tctctctgtc occcaggctg gagtgctgtg gcgccatctt cactcactgt aacctctgcc 4740 

tcctgagtte oagcoattct cctgcctcag ccttccaagt agctgggatt ataggcgcct 4800 

gccaccaggc ccagctgatt tttctatttt tagtagagac ggggtttcgc caggctgttc 4860 

tcgaactcct gaactcaagt gatccacctg cctcggcttc ccaaagtgct gggattacag 4920 

gtgtgagcca ccacacccag ctggtctggt ccactttctt ggccggatca ttcatgacct 4980 

ttcrtcttgcc aggttcctgg atgcctatgc tgagcacaag ttacagttct gggcagtgac 5040 

agctgaaaat gagccttctg ctgggctgtt gagtggatac cccttccagt gcctgggctt 5100 

cacccctgaa catcagcgag acttcattgc ccgtgaccta ggtctrtaccc tcgccaacag 5160 

tactcaccac aatgtccgcc tactcatgct ggatgaccaa cgcttgctgc tgccccactg 5220 

ggcaaaggtg gtaaggcctg gocctccatg gtgctccagt gecrtteaaa tccagcatcc 5280 

aaatgactgg ctcccanact tagagcgatt tctctaccca actatggatt cctagagcac 5340 

cattcccctg gacctccagg gtgccatgga tcccacagtt gtcgctrtgaa acctttctag 5400 

gggctgggcg aggtggctca ctcatgcaaa cccagcactt tgggaagccg aggcgggtga 5460 
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tcacctgagg tcaggagttt aagaccaccc tggccaacgt gttgaaaccc tgtgtctact 


5520 




aaaatacaaa aoaaaaoaat tatctgggca tgatggtggg tgtctgtaat cccagctact 


S580 




caggaggctg agaagggega atcagttgaa cccgggagat ggtggttgcg gtgagccgag 


5640 




atcgcgccac tgcactccag cctgggaggc tgagcgagac tccatctcga aacaaaacaa 


5700 




aacaaaacta tctaggctgg gggtggtggt tcatgtatgt atgtgtatat acatatatat 


5760 




gtgtttatat gt a tat at at atacacacac acacatacat acacacacat acacacacaa 


5820 




attagctggg tgtggcaccc gtgtagtccc agctactcag gaggctaatg tgggaggatc 


5880 i 




agtrtgaccct aggaagtcaa ggctgcagtg agtcgtgatt gcgccactgt actccagccc 


5940 




gagtgacaga gtgacatcct gtctcaaaaa caaaaaaaaa tctccccaaa cetctctagt 


6000 




tgcattcttc ccgtcaccca actccaggat tcctacoaca ggaactagaa gttccagaag 


6060 




cctgtgtgca aggtccagga tcagttgctc ttcctttgca ggtactgaca gacccagaag 


6120 


:k' 


cagctaaata tgttcatggc attgctgtac attggtacct ggactttctg gctccagcca 


6180 


j, . . 


aagccaccct aggggagaca caccgcctgt tccccaacac catgctcttt gcctcagagg 


6240 


: 


cctgtgtggg ctccaegttc tgggagcaga gtgtgcggct aggctcctgg gatcgaggga 


6300 


f"; 


tgcagtacag ccacagcatc atcacggtaa gccaccccag tctccettcc tgcaaagcag 


6360 


; 


acctcagacc tcttactagt ttcaccaaag actgacagaa gcccttcctg tccagctttc 


6420 


I' - 

5 


cccagctagc ctgccctttt gagcaactct ggggaaccat gattccctat ettccctttc 


6480 


! 

i 


cttcacaggt ctgcacacct cattgcccct tttgcaacta ctgaggcact tgcagctgcc 


6540 


tcagacttct cagctcccct tgagatgcct ggatcttcac acccccaact ccttagctac 


6600 




taaggaatgt gcccctcaca gggctgacct acccacagct gcctctecca catgtgaccc 


6660 


' \ 


ttacctacac tctctgggga cccccagtgt tgagcetttg tctctttgcc tttgtcctta 


6720 




ccctagaacc tcctgtacca. tgtggtcggc tggaccgact ggaaccttgc cctgaacccc 


6780 




gaaggaggac ccaattgggt gcgtaacttt gtcgacagtc ecatcattgt agacatcacc 


6840 




aaggacacgt tttacaaaca gcccatgttc taccoccttg gccacttcag gtgagtggag 


6900 


* 


ggcgggcacc cccattccat accaggccta tcatctccta catcggatgg cttacatcac 


6960 




tctacaccac gagggagcag gaaggtgttc agggtggaac ctcggaagag gcacacccat 


7020 




ccccttttgc accatggagg caggaagtga ctaggtagca acagaaaacc ccaatgcctg 


7080 




aggctggact gcgatgcaga aaagcagggt cagtgcccag cagcatggct ccaggccrtag 


7140 


i 

tit 


agagccaggg cagagcctct gcaggagtta tggggtgggt -ccgtgggtgg gtgacttctt 


7200 




agatgagggt ttcatgggag gtaccccgag ggactctgac catctgttcc cocattcagc 


7260 




aagttcattc ctgagggctc ccagagagtg gggctggttg ccagtcagaa gaacgacctg 


7320 




gacgcagtgg cactgatgca teccgatggc tctgctgttg tggtcgtgct aaaccggtga 


7380 




gggcaatggt gaggtctggg aagtgggctg aagacagcgt tgggggcctt ggcaggatca 


7440 




cactctcagc ttctcctccc tgctccctag ctcctctaag gatgtgcctc ttaccatcaa 


7500 


r'iic 


ggatcctgct gtgggcttcc tggagacaat ctcacctggc tactecatte acacctacct 


7560 




gtggcgtcgc cagtgatgga gcagatactc aaggaggcac tgggctcagc ctgggcatta 


7620 




aagggacaga gtcagctcac acgctgtctg tgactoaaga gggcacagca gggccogtgt 


7680 




gagcttaeag cgaegtaagc ccaggggcaa tggtttgggt gactcacttt cccctctagg 


7740 


i . 


tggtgccagg ggctggaggc ccctagaaaa agateagtaa gccccagtgt ccccccagcc 


7800 
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-continued 

cccatgctta tgtgaacatg cgctgtgtgc tgcttgcttt ggaaactggg cctgggtcca 7860 

ggcctagggt gagctcactg tccgtaca&a cocoa gat ca gggctgaggg taaggaaaag 7920 

aagagactag gaaagctggg eccaaaactg gagactgttt gtctttcctg gagstgcaga 7980 

actgggcccg tggagcagca gtgtcagcat cagggcggaa gcettaaagc agcagcgggt. 8040 

gtgcccaggc acccagatga ttcctatggc accagccagg aaaaatggca gctcttaaag 8100. 

gagaaaatgt ttgagcccag tcagtgtgag tggctttatt ctgggtggea gcaccccgtg 8160 

tccggctgta ccaacaacga ggaggcacgg gggcctctgg aatgcatgag agtagaaaaa 8220 

ccagtcttgg gagcgtgagg acaaatcatt cctcttcatc ctcctcagcc atgcccaggg 8280 

tccgggtgcc tggggcccga gcaggcgttg cccgctggat ggagacaatg ccgctgagca 8340 

aggcgtagce caccatggct gccagtcctg ccagcacaga taggatctgg ttccggcgcc 8400 

ggtatggctc ctcctcagtc tctgggcctg ctggtgtctg gcgttgcggt ggtacctcag 8460 

ctgagggtca aggaaggaag gtgtgttagg egaactagtt cttggatccc tgcccactct 8520 

ccccagggct gcccctccca tctgccectt acctccatcc ' caggggaagt agagactgag 8580 

aatgtgggta caataggcac agaggtfcgtg cagcccacgc aggtggacct gcagcttccc 8640 

actgggcagc tttgctrtgca gcagcagggc caagtagctg aagacgaagg cgtccaagga 8700 

ggcagggctg gagcagagag agaagggtgg gatggaggag aaccactggg gtagaagggg 8760 

taaagatgga gctggaggaa gagtcagcct tgggaggtgg gctctgggca gcaggcggcc 8820 

accaggaagg acaggacaca cagttctaga 8850 



<210> SEQ ID NO 2 

<212> LENGTH: 536 

<212> TYPE r PRT 

<213> ORGANISM: Homo sapiens 

<400> SEQOEKCEr 2 

Met Glu Phe Ser Ser Pro Ser Arg Glu Glu Cys Pro Lys Pro Leu Ser 
15 10 15 

Arg Val Ser He Met Ale Gly Ser Leu Thr Gly Leu Leu Lea Leu Gin 
20 25 30 

Ala Val Ser Trp Ala Ser Gly Ala Arg Pro Cys He Pro Lye Ser Phe 
35 40 45 

Gly Tyr Sex Ser Val Val Cys Val Cys Asn Ala Thr Tyr Cys Asp Ser 
. 50 55 60 

Phe Asp Pro Pro Thr Phe Pro Ala Leu Gly Thr Phe Ser Arg Tyr Glu 
65 70 75 80 

Ser Thr Arg Ser Gly Arg Arg Met Glu Leu Ser Met Gly Pro He Gin 
85 90 95 

Ala Asn His Thr Gly Thr Gly Leu Leu Leu Thr Leu Gin Pro Glu Gin 
100 105 HO 

Lys Phe Gin Lys Val Lys Gly Phe Gly Gly Ala Met Thr Asp Ala Ala 
115 120 125 

Ala Leu Asn He Leu Ala Leu Ser Pro Pro Ala Gin Asn Leu Leu Leu 
130 135 140 

Lys Ser Tyr Phe Ser Glu Glu Gly He Gly Tyr Asn Jle He Arg Val 
US ISO 155 160 

Pro Met Ala Ser Cys Asp Phe Ser He Arg Thr Tyr Thr Tyr Ala Asp 
165 170 175 

Thr Pro Asp Asp Phe Gin Leu Bis Asn Phe Ser Leu Pro Gin Glu Asp 
180 18S 190 
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Thr Lys Leu Lys lie Pro Leu lie Hie Arg Ala Leo Gin Leo Ala Gin 
195 200 205 

Arg Pre Val Ser Leo Leu Ala Ser Pro Trp Thr Ser Pro Thr Trp Leo 
210 215 220 

Lys Thr Asn Gly Ala Val Asn Gly Lys Gly Ser Leo Lys Gly Gin Pro 
225 230 235 240 

Gly Asp lie Tyr His Gin Thr Trp Ala Arg Tyr Phe Val Lys Phe Leu 
245 250 255 

Asp Ala Tyr Ala Glo His Lys Leu Gin Phe Trp Ala Val Thr Ala Glo - 
260 265 270 

Asn Glu Pro Ser Ala Gly Leu Leu Ser Gly Tyr Pro Phe Gin Cys Leu 
275 280 285 

Gly Phe Thr Pro Glu His Gin Arg Asp Phe He Ala Arg Asp Leu Gly 
290 295 300 

Pro Thr Leu Ala Asn Ser Thr His His Asn Val Arg Leu Leu Met Leo 
305 310 315 320 

Asp Asp Gin Arg Leu Len Leu Pro His Trp Ala Lys Val Val Leu Thr 
325 330 335 

Asp Pro Glu Ala Ala Lys Tyr Val His Gly He Ala Val His Trp Tyr 

340 345 350 

Leu Asp Phe Leu Ala Pro Ala Lys Ala Thr Leu Gly Glu Thr His Arg 
355 360 365 

Leu Phe Pro Asn Thr Met Leu Phe Ala Ser Glu Ala Cys Val Gly Ser 
370 3 75 380 

Lys Phe Trp Glu Gin Ser Val Arg Leu Gly Ser Trp Asp Arg Gly Met 
385 390 395 400 

Gin Tyr Ser His Ser He He Thr Asn Leu Leu Tyr His Val Val Gly 
405 410 415 

Trp Thr Asp Trp Asn Leu Ala Leu Asn Pro Glu Gly Gly Pro Asn Trp 
420 425 430 

Val Arg Asn Phe Val Asp Ser Pro He He Val Asp He Thr Lys Asp 
435 440 445 

Thr Phe Tyr Lys Gin Pro Met Phe Tyr His Leu Gly His Phe Ser Lys 
450 455 460 

Phe He Pro Glu Gly Ser Gin Arg Val Gly Leu Val Ala Ser Gin Lys 
465 470 475 480 

Asn Asp Leu Asp Ala Val Ala Leu Met His Pro Asp Gly Ser Ala Val 
48S 490 495 

Val Val Val Leu Asn Arg Ser Ser Lys Asp Val Pro Leu Thr He Lys 
500 505 510 

Asp Pro Ala Val Gly Phe Leu Glu Thr He Ser Pro Gly Tyr Ser He 
515 520 52S 

His Thr Tyr Leo Trp Arg Arg Gin 
530 53S 



What is claimed: 

I. A method of producing a preparation of high mannose 
ghtcocerebfosidase (famGCB) comprising a carbohydrate 
chain having at least four mannose residues, comprising: 

providing a mammalian cell that expresses a human 
gjiKX)ccrcbrosidasc (GCB); 

contacting the cell with kifunensine; 

allowing the cell to produce hmGCB; and 



harvesting the hmGCB from the cell or its culture media, 
to thereby produce an hmGCB preparation. 

2. The method of claim 1, wherein removal of one or more 
a 1.2 mannose residues) distal to the pentasaccharide core 
is prevented. 

3. The method of claim 1, wherein the kifrmensinc is 
present at a concentration between about 0.05 to 20.0 ug/ml. 

4. The method of claim 3. wherein the kifunensine is 
present at a concentration between about 0.1 to 2.0 ug/mi. 
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5. The method of claim 1. further comprising contacting 30. The method of claim .1. wherein the cell is contacted 
the ceil whh a class 2 processing mannosidase inhibitor. whh kifunensine in culture media. 

6. The method of claim 5. wherein the class 2 processing 31. The method of claim 30. wherein the hmGCB is 
mannosidase inhibitor is selected from the group consisting obtained from the media in which the cell is culmred. 

of: swamsonine. niannostatin. 6-dcoxy DIM. 6-deoxy-6- 5 32. A method of prodrjeing a preparation of bigb mannose 

ftuon>DIM and combinations thereof. glucocerebrosidase (hmGCB) comprising a carbohydrate 

7. The method of claim 5, wherein the class 2 processing chain having at least four mannose residues, the method 
mannosidase inhibitor is swainsomne. comprising: 

8. The method of claim 5. wherein the class 2 processing providing a human cell into which a nucleic acid sequence 
mannosidase inhibitor is present at a concentration between io comprising an exogenous regulatory sequence has been 
0.05 to 20.0 ug/ml. introduced such that the regulatory sequence is oper- 

9. The method of claim 1. wherein the hmGCB has at least ably linked to. and regulates the expression of, an 
one carbohydrate chain having five mannose residues. endogenous GCB coding region: 

10. The method of claim 1. wherein the hmGCB has at contacting the cell with a class 1 mannosidase inhibitor 
least one carbohydrate chain having eight mannose residues. 15 such that the removal of at least one mannose residue 

11. The method of claim 1. wherein the hmGCB has at distal to the pentasaccharide core of a precursor oli- 
least one carbohydrate chain having nine mannose residues. gosaccharide of GCB is prevented: and 

12. The method of claim. 1, wherein the removal of one or allowing the cell to produce hmGCB. to thereby produce 
more mannose residues distal to the pentasaccharide core is an hmGCB preparation. 

prevented on at least two carbohydrate chains of hmGCB. 33; The method of claim 32. wherein the mannosidase 

1 3. The method of claim 1 . wherein at least 60% of the inhibitor prevents the removal of one or more a 1.2 mannose 
hmGCB of the preparation have one or more carbohydrate residuefs) distal to the pentasaccharide core- 
chains in which the removal of one or more mannose 34. 'Ihe method of claim 32. wherein the mannosidase 
residues distal to the pentasaccharide core has been pre- inhibitor further prevents ihe removal of one a 13 mannose 
vented. 25 residue distal to the pentasaccharide core. 

.. 14. The method of claim 13. wherein the removal of three 35. The method of claim 32. wherein the mannosidase 

or more majiuosc residues distal to the pentasaccharide core inhibitor further prevents the removal of one a 1 .6 mannose 

has been prevented. residue distal to Ihe pentasaccharide core. 

15. The method of claim 1 . wherein at least about 20% of 36. The method of claim 32. wherein the class I process- 
thc hmGCB of the preparation have one or more carbohy- 30 ing mannosidase inhibitor is kifunensine. 

drate chains having at least eight mannose residues. 37. The method of claim 36, wherein the Icifunensine is 

16. The method of claim 15. wherein at least about 40% present at a concentration between about 0.05 to 20.0 tig/ml. 
of the hmGCB of the preparation have one or more carbo- 38. The method of claim 37. wherein the kifunensine is 
hydrate chains having al least eight mannose residues. present at a concentration between about 0.1 to 2.0 ug/ml. 

17. The method of claim 1 6. wherein at least about 60% 35 39. The method of claim 32 r wherein the cell is further 
of the hmGCB of the preparation have one or more carbo- contacted with a class 2 mannosidase inhibitor. 

hydrate chains having at least eight mannose residues. 40. The method of claim 39, wherein the class 2 process- 

18. The method of claim 1, wherein at least about 80% or ing mannosidase inhibitor is selected from the group con- 
more of the carbohydrate chains of the hmGCB preparation sisting of swainsonine, niannostatin. 6-deoxy DIM. 
have six or more mannose residues. 6-deox y-6-fluoro-DI M and combinations thereof. 

19. The method of claim I. wherein the cell is a human 41. The method of claim 39, wherein the class 2 process- 
cell and is a knockout for a class 2 processing mannosidase. ing mannosidase inhibitor is swainsonine. 

20. The method of claim I. wherein the cefl is a human 42. The method of claim 39, wherein the class 2 process- 
cell and comprises a class 2 processing mannosidase anti- A$ ing mannosidase inhibitor is present at a concentration 
sense molecule. between 0.05 to 20.0 ug/ml. 

21 . The method of claim 1. wherein the cell comprises an 43. The method of claim 32, wherein the cell is a 
exogenous nucleic acid sequence comprising a GCB coding knockout for a class 2 processing mannosidase. 

re P on - 44. The method of claim 32, wherein the cell comprises 

22. The method of claim 21, wherein the cell further ^ a class 2 processing mannosidase antisense molecule. 
comprises an exogenous regulatory sequence which tunc- 45. The method of claim 3Z wherein the hmGCB has at 
lions to regulate expression of the GCB coding region. least one carbohydrate chain having six mannose residues of 

23. The method of claim 1. wherein the cell comprises an the precursor oligosaccharide 

exogenous regulatory sequence which functions to regulate 46. The method of claim 32, wherein the hmGCB has at 

expression of an endogenous GCB coding sequence. 55 least one carbohydrate chain having eight mannose residues 

24. The method of claim 1. wherein the cell is a primary of the precursor oligosaccharide. 

ccil 47.7henietlmdorcIarm32 J wruarein the hrrKiCB has at 

25. The method of claim 1 , wherein the cell is a secondary least one carbohydrate chain having nine mannose residues 
ce H* of the precursor oligosaccharide. 

26. The method of claim 3 r wherein the cell is a human 48. The method of claim 32. wherein the mannosidase 
CC N- inhibitor prevents removal of at least three mannose residues 

27. The method of claim 26, wherein the cefl is a distal to the pentasaccharide core of the precursor oligpsac- 
fibno Wast or a myoblast. chariuV of GCB. 

28. The method of claim 26, wherein the cell is an 49. The method of claim 32, wherein the mannosidase 
immortalized cell. 65 inhibitor prevents removal of one or more mannose residues 

29. The method of claim 27, wherein the cell is an distal to the pentasaccharide core on at least two of the 
HT-1080 cell. carbohydrate chains of hmGCB. 
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50. The method of claim 32, wherein at least 60% of the 
hmGCB of the preparation have one or more carbohydrate 
chains in which the removal of three or more mannose 
residues distal to the pentasaccharide core has been pre- 
vailed. 

51 . The method of claim 32, wherein at least 20% of the 
hmGCB of the preparation have one or more carbohydrate 
chains having at least eight mannose residues. 

52. The method of claim 51. wherein at least 40% of the 
hmGCB of the preparation have one or more carbohydrate 
chains having at least eight mannose residues. 

53. The method of claim 52. wherein ai least 60% of the 
hmGCB of the preparation have one or more carbohydrate 
chains having at least eight mannose residues. 

54. The method of claim 32. wherein at least about 80% 
or more of the carbohydrate chains of the hmGCB prepa- 
ration have six or more mannose residues. 

55. The method of claim 32. wherein the cell is a primary 
ceJL 

56. The method of claim 32. wherein the cell is a 
secondary cell. 
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57. The method of claim 32, wherein the cell is a 
fibroblast or a myoblast. 

58. The method of claim 32, wherein the cell is an 
immortalized ceil. 

5 

59. The method of claim 58. wherein the cell is an 
HT-1080 cell. 

60. The method of claim 36. wherein the cell is contacted 
with kifunensine in culture media. 

10 61. The method of claim 60. wherein the hmGCB is 
obtained from the media in which the cell is cultured. 

62. The method of claim 1 r wherein the cell is a Chinese 
hamster ovary (CHO) cell transfected with an exogenous 

15 nucleic acid sequence comprising a human GCB coding 
sequence. 

63. The method of claim 1„ wherein the ceil is a COS cell 
transfected with an exogenous nucleic acid sequence com- 
prising a human GCB coding sequence. 

20 
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Gaucher disease, the most common lysosomal storage dis- 
ease, can be treated with enzyme replacement therapy 
(ERT), hi which defective add-0-gmcosidase (GlcCerase) 
is supplemented by a recombinant, active enzyme. The 
X-ray structures of recombinant GlcCerase produced in 
Chinese hamster ovary cells Omiglucerase, Cerezyme®) and 
in transgenic carrot cells (prGCB) have been previously 
solved. We now describe the structure and characteristics 
of a novel form of GlcCerase under investigation for the 
treatment of Gaucher disease, Gene-Activated™ human 
GlcCerase (velaglucerase aha). In contrast to imiglucerase 
and prGCD, velaglucerase alfa contains the native human 
enzyme sequence. All three GlcCerases consist of three 
domains, with the active site located in domain in. The 
distances between the carboxylic oxygens of the catalytic 
residues, E340 and E235, are consistent with distances pro- 
posed for acid-base hydrolysis. Kinetic parameters (K m and 
Kiax) of velagmcerase alfa and imiglucerase, as wefl as their 
specific activities, are similar. However analysis of glycosy- 
lation patterns shows that velagmcerase aim displays dis- 
tinctly different structures from imiglucerase and prGCD. 
The predominant glycan on velaglucerase alfa is a high- 
mannose type, with nine mannose units, while imiglucerase 
contains a chhobiose tri-mannosyl core glycan with fuco- 
Sylation. These differences in glycosylation affect cellular 
internalization; the rate of velaglucerase alfa internaliza- 
tion into human macrophages is at least 2-fold greater than 
that of imiglucerase. 

Keywords: Gaucher disease/gene activation/ 

glucocerebro$idase/gIycans/niannose-6-phosphate receptor/ 
site-specific glycosylation /X-ray structure 

Introduction 

Gaucher disease is caused by mutations in the gene encod- 
ing the lysosomal enzyme, arid-P-glucosidase (gluxocerebrosi- 
dase, GlcCerase, E.C 3.2.1.45) (Beutler and Grabowski 2001; 

'lb whom correspondence should be addressed: Tel: +972-8-9342704; 
Fax: +972-8-93441 12; e-mail: tony.futerman@weizmaniLac.il 



Futerman and Zimran 2006). The most common treatment for 
Gaucher disease is enzyme replacement therapy (ERT), in which 
defective GlcCerase is supplemented with an active enzyme. 
ERT using imiglucerase, a recombinant analog of human Glc- 
Cerase expressed in Chinese hamster ovary (CHO) cells has 
been available for -15 years. After expression and purifica- 
tion, imiglucerase is modified by exo-giycosidase treatment 
(Friedman and Hayes 1996) to expose the core mannose 
residues that can be recognized by macrophages. Glycan re- 
modeling greatly improves targeting to and internalization by 
macrophages, the main cell type affected in Gaucher disease 
(Futerman and Zimran 2006). An alternative means of pro- 
ducing GlcCerase (prGCD) in transgenic carrot root cells has 
been developed (Aviezer et at 2009). The X-ray structures of 
imiglucerase and prGCD have been previously reported (Dvir 
et at 2003; Shaaitiel et at 2007). 

In the current study, we have used gene activation in 
a well-characterized, continuous human cell line to pro- 
duce gene-activated human acid-P-glucocerebrosidase (ve- 
laglucerase alfa). Gene activation refers to targeted recombi- 
nation with a promoter that activates the endogenous GlcCerase 
gene in the selected human cell line. Velaglucerase alfa is se- 
creted as a monomelic glycoprotein of approximately 63 kDa 
and is composed of 497 amino acids with a sequence identical 
to that of the natural human protein (Zimran et at 2007). Glyco- 
sylation of velaglucerase alfa is altered by using kifunensine, a 
mannosidase I inhibitor, during cell culture, which results in the 
secretion of a protein containing predominantly high-mannose 
type glycans (Elbein et at 1990). 

Herein we describe the crystal structure of velaglucerase alfa, 
using a preparation that had been partially deglycosylated, and 
show that it is similar to that of imiglucerase (Dvir et at 2003) 
and prGCD (Shaaitiel et at. 2007). Velaglucerase alfa differs 
from imiglucerase and prGCD as the latter two enzymes contain 
a mutation at residue 495 (an Arg to His substitution: R495H), 
and prGCD contains seven additional residues at the C terminus 
(DLLVDTM) and two additional residues at the N terminus 
(EF)- Moreover, the kinetic parameters and specific activity of 
velaglucerase alfa are very similar to those of imiglucerase. We 
also compare the glycosylation patterns of velaglucerase alfa 
and imiglucerase by use of LC-MS and assess the impact of the 
different glycosylation patterns by analyzing internalization in 
human macrophages. 

Results and discussion 
X-ray structure 

Diflraction-quality crystals of velaglucerase alfa were obtained 
after partial deglycosylation using tf-glycosidase F, by a proce- 
dure similar to that previously described for imiglucerase (Dvir 
et at 2003). Velaglucerase alfa crystallized in the same space 
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Table L Data collection and refinement statistics 



Velaglucerase alfa 



Data collection 



Snace ptthid 


cm* 


VJCill UUUCUAIUUa 






10937, 28535, 91.69 


aha (°\ 


OA />rt /V\ |\A f\t\ 

VU.Ul), 90.00, 90.00 


Resolution (A) 


19.9-2.7 (2.75-2.70)* 


D //V \ 


15.7(51.0) 


J/S</> 


14.4 (4.6) 


Completeness (%) 


100(100) 


• Redundancy 


73(7.6) 


Refinement 


Resolution (A) 


I9.9-Z7 


Number of reflections 


39.776 




17.3/23.4 


Rms deviations 




Bond lengths (A) 


0.012 


. Bond angles (°) 


1.486 


Number of refined atoms 




Protein 


7871 


Carbohydrates 


70 


Ions 


90 


Solvent 


326 


Raraachandran outliers (%) 


0.4 



*The highest resolution shell is shown in parentheses. 



group, C222i , as imiglucerase (Tabie I), and unit cell parameters 
were similar to the previously published GlcCerase structures 
(Dvir et al. 2003; Premkumar et aL 2005; Brumshtein et 
al. 2006). The asymmetric unit contained two copies of ve- 
laglucerase alfa, designated as molecules A and B. The root 
mean square deviation (RMSD) value between molecules A and 



B (<03 A) shows that they are virtually identical. A compari- 
son of the structures of imiglucerase, prGCD, and velaglucerase 
alfa demonstrates that these structures are very similar, with an 
RMSD of 035-0.46 A (Table II). 

Velaglucerase alfe thus consists of three noncontiguous do- 
mains, with the catalytic site located in domain HI (residues 76- 
381 and 416-430), which is a (p/afc (TIM) barrel (Figure 1). 
A more detailed analysis of the active site reveals that it is 
virtually identical to that of imiglucerase (Figure 2), with the dis- 
tances between the carboxylic oxygens of the catalytic residues, 
E340 and E235 (5.2 A in molecule A and 5.1 A in molecule B), 
similar to those obtained previously (Brumshtein et al. 2006) 
and in agreement with the distances proposed for acid-base hy- 
drolysis (Davies and Henrissat 1995). Moreover, the three loops 
(loop 1, residues 345-350; loop 2, residues 393-399; and loop 
3, residues 312-319) observed in previous structures (reviewed 
in Kacher et aL (2008)) are also seen in velaglucerase alfa. 
Similarly to prGCD (Shaaltiel et al. 2007), loops 2 and 3 show 
differences in their backbone angles and side chain orientations 
in the two molecules of the asymmetric unit, whereas loop 1, 
since it makes crystal contacts, exhibits less pronounced con- 
formational changes (Figure 2). In the case of loop 3, a helical 
conformation is seen in molecule B, whereas a coiled confor- 
mation is seen in molecule A (Figure 3), as previously reported 
for imiglucerase (Brumshtein et al. 2006). Although the crystal 
was cryo-protected with 25% ethylene glycol, we did not detect 
any ethylene glycol molecules in the electron density map. 

Imiglucerase and prGCD both contain an Arg to His muta- 
tion at residue 495, with H495 making an H-bond (2.6 A) with 
the peptide carbonyl of F3 1 . In contrast, velaglucerase alfa con- 
tains a sequence identical to mat of the natural human enzyme, 



Table JL RMS deviations of velaglucerase alfa compared to imiglucerase and prGCD. RMS deviations (A) are shown for each of the two copies of the molecules 
in the asyminetric unit and were calculated using PyMol (www4jyra0l.org). The PDB codes for imiglucerase and pr-GicCerase are 2J25 and 2V3F, respectively 
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Fig, 1. Comparison of the crystal structures of velaglucerase alfe and imiglucerase. The three domains of the enzymes are colored pink (domain I, residues 1-29 
and 383-4 14X blue (domain H, residues 30-75 and 431-497), and gray (domain III. residues 76-382 and 415-430). 
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Kg. % Active site of velagluccrase alfa. Stereo r^tescatatioo of an overiay of the active sites of imiglucerase (blue and magenta) and velaghicoase alfe (yellow 
ami gre^). Catalytic residues a« slny^ 



with an Arg at residue 495, which does not make a similar 
H-bond No major structural differences were observed in ve- 
laglucerase alf a around residue R495, relative to imiglucerase or 
prGCD. Two mutations which cause Gaucher disease, R496 and 
D474 (Figure 4) (Kawameet al. 1992; Beutler et al. 1993; Choy 
et aL 1998), are in close proximity to R495 near the N-terminus 
of GlcCerase. D474 is at the end of a P-stnind, and R496 is 
part of a coil with no clear secondary structure, and their side- 
chains form a salt bridge and hydrogen bonds with each other; 
mutations in either of these two residues would disrupt these 
interactions. By analyzing the geometry and the interactions be- 
tween the side chains of these two residues, and the secondary 
structure of the region, we conclude that R496 or D474 may be 
involved in stabilizing the conformation of the N-terminus of 
the enzyme by their side chain interactions, with disruption of 
these bonds resulting in a flexible N-terminus and hence in a 
less stable structure. However, neither of these residues interacts 
withR495. 



Kinetic analysis 

To further compare velaglucerase alfa and imiglucerase, and to 
determine if the mutation at residue 495 has any effect, kinetic 
parameters and specific activity were determined using a natu- 
ral glucosylceramide (GlcCer) substrate, rather than a surrogate 
substrate typically used to assess enzyme activity. Velaglucerase 
alfa has a t^of 7100 mm" 1 , a K m of 19 i*M, and a V max of 
0.61 u,M min ! . Imiglucerase has a of 1900 min" 1 , a Km 
of 15 p,M, and a of 0*56 \iM min" 1 (Figure 5). Similar 
K m values were reported in the literature; GlcCerase derived 
from brain tissue and fibroblasts both have a K m of 32 \iM us- 
ing GlcCer from Gaucher spleen (Vaccaro et al. 1982), while 
imiglucerase and prGCD have a K m of 15.2 and 20.7 u,M, re- 
spectively, using a fluorescent GlcCer analog, C6-NBD-GlcCer 
(Shaaltiel et aL 2007). In additi<m, at a210 jxM GlcCer substrate 
concentration, velaglucerase alfa and imiglucerase have similar 
specific activities of 26 and 24 U/mg, respectively. These results 




Contours of the 2F D -F C map are shown as a btue medi (at I J2or); contours of the Fo-F c map are shown m green niesh (at 3a) and m magenta (at -3a). Several 
and B show the catalytic centers of molecules A and B, respectively, in the asymmetric unit. 
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Fig. 4. Mutations at the C-tenninus of GlcCerase. Imigluccrase and 
pr-Glc€erase contain a His at residue 495 (yellow), whereas velaglucerase alfa 
contains Arg (green). Mutations R496 and D474, which cause Gaucher 
disease, are shown in magenta. Residues within 4 A distance of R495 and 
R496 are shown in cyan. 
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Big. 5, Kinetic analysis of velaglucerase alfa arid imiglucerase. V^,, and Km 
values were determined using a natural GLcCer substrate (n - 1\ 



demonstrate that human and CHOcell derived GlcCerase, pre- 
pared by two different manufacturing processes, have similar 
enzymatic activities for the natural substrate. 

Giycan composition 

We next examined which sugars could be detected in the crystal 
structure of velaglucerase alfa. Even after partial deglycosyla- 
tion using W-glycosidase F, two sugar residues were observed 
attached to residue N19 in both molecules A and B (Figure 6). 
One sugar was detected on N146 in molecule A whereas no 
sugars were detected on N146 in molecule B (Figure 6). As 
reported previously for imiglucerase, no sugars were detected 
attached to either N270 or N59 in velaglucerase alfa. It should 



be noted that sugars attached to N270 have not been seen in any 
of the crystal structures solved to date> and sugars have been 
seen only occasionally on N59 (Brumshtein et al. 2006). The 
inability to detect sugars on either N59 or N270 is most likely 
due to the high flexibility of the corresponding giycan chains 
since nano- liquid chromatography electrospray ionization tan- 
dem mass spectrometry (rtano-LC-ESI-MS/MS) analysis of in- 
tact imiglucerase (Kacher et al. 2008), and of velaglucerase alfa 
(see below) showed that giycan chains were attached to both 
these residues. 

Velaglucerase alfa and imiglucerase bear distinctly different 
giycan chains due to the differences in their manufacture. In our 
comparative study of the carbohydrate content of unmodified 
velaglucerase alfa and imiglucerase by LC-ESI-MS, four of the 
five potential glycosylate sites, namely, Ni 9, N59, NI46, and 
N270, were observed to be folly occupied in both. As expected 
from the crystal structures, N462 is fully unoccupied in both, 
due to its buried location. 

According to LC-ESI-MS analysis of glycopeptide maps, ve- 
laglucerase alfa contains primarily high-manirose type glycans, 
consisting of six to nine mannose units. Listed as the predomi- 
nant structure in Table III, the most abundant ion present in the 
averaged spectra for each site corresponds to a giycan with nine 
mannose units. Giycan microheterogeneity was observed at each 
site and the less abundant structures are listed as other glycans. 
These other glycans consist of mannose residues with phospho- 
rylation at the C-6 position to create a mannose-6-phosphate 
(M6P) residue. The lowest levels of M6P were at N19; N59 
and N146 had similar but higher levels relative to N19, while 
N270 had the highest amount of M6P. Despite the site-specific 
variation in relative levels of M6P, nonphosphorylated glycans 
remained the predominant species for all four sites. Also ob- 
served on N59, N146 and N270 were mono-sialylated mono 
antennary hybrid and complex-type structures with core fuco- 
sylation, which were quantified by giycan map analysis. These 
structures are consistent with a low percentage of glycosylafion 
sites escaping kifunensine inhibition, resulting in giycan matu- 
ration and core fucosylation. In the case of hybrid-type glycans, 
only a single antenna maturated. 

The results from site-specific giycan characterization were 
corroborated by giycan map analysis (Figure 8), which demon- 
strates high-mannose type glycans consisting of six to nine 
mannose units with a predominant riine-mannose structure. Es- 
timates from giycan map analysis show that the mono-sialylated 
mono-antennary hybrid structures account for ~2% of the total 
giycan pool. The map also demonstrates the presence of high- 
mannose glycans containing one GlcNAc-capped M6P, a result 
of incomplete giycan processing, as well as high-mannose gly- 
cans bearing a single M6P. Also consistent with these results 
were data obtained from monosaccharide compositional analy- 
sis that demonstrates approximately 0.8 mole of M6P per mole, 
of velaglucerase alfa, and approximately 0.6 moles of M6P per 
mole of imiglucerase. 

Site-specific giycan analysis demonstrated that imiglucerase 
contains primarily complex-type glycans with core fucosy- 
lation that terminate with the chitobiose tri-mannosyl core 
(Table IV), with an exception at the N19 site, which was 
observed to be devoid of fucose. These structures are as ex- 
pected for GlcCerase with exoglycosidase treatment to expose 
the core mannose residues. Imiglucerase also contains giycan 
microheterogeneity at each site of glycosylation, with lower 
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Fig. 7. Glycan stractures of velaglucerase alfa and imigiucerase. Predominant 
AUinked carbohydrate stractures on velaglucerase alia (top) and imighicerase 
(bottom) arc shown graphically at their relative positions along the protein 
backbone. 
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Fig. 8. Glycan map analysis of velaglucerase alfa. Glycans released by 
tf-gjycosidase F were analyzed by amon-exchange chromatography with 
aniperometric detection. The method resolves glycans based on negative 
charge where peak group 1 corresponds to high-mannose type neutral glycans 
that are resolved into multiple peaks according to the number of mannose 
units, peak group 2 corresponds to high-mannose type glycans with one M6P 
that retained its GlcNAc cap (one negative charge), and peak group 3 
corresponds to high-mannose type glycans containing one fully processed 
M6P(two negative charges). In peak group 1. smaller peaks are resolved that 
correspond to positional isomers of the various oligomarmose types observed. 



levels of core stractures terminating with W-acetylglucosamine 
(GlcNAc) that are likely a result of incomplete digestion with 
^-ace^lglucosaminidase. At N146 and N270, high-mannose 
type glycans were observed containing five to six mannose units 
with one M6R 

The glycan graphics shown in Figure 7 help to visualize the 
pi^minant structures for both forms ofGIcCerase as described 
in Tables EH and IV. These structures were consistent with gly- 
can types and levels observed with glycan map analysis as well 
as with previous reports (Van Patten et al. 2007). In the current 



Table IV. Carbohydrate composition of imigiucerase. Predominant structures 
are those observed to be most abundant at each AMinked glycosylation site. 
The other glycans consisted mostly of core structures with additional GlcNAc 
and high-mannose structures with M6P 
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Fig. 9. Velaglucerase alfa and imigiucerase internalization into differentiated 
macrophages. The ordinate of the graph represents the fluorescence data 
normalized for the cellular protein concentration and incubation time 
(RFU/u,g/h). The GieCerase dose is shown on me abscissa. 



study, the glycans of prGCD were not characterized, but earlier 
studies demonstrated the presence of core ct-<l,2)-xylase and 
core a-O^Hucose (Shaaltiel et al. 2007), which are unique to 
plant-derived proteins and would not be expected to be present 
on either velaglucerase alfa or imigiucerase. 

Internalization by macrophages 

Internalization of proteins by endocytosis is highly dependent 
upon their carbohydrate composition and has been well char- 
acterized (Komfeld 1986). A comparison of the internalization 
rate of velagl ucerase alfa to that of imigiucerase in U937-derived 
macrophages demonstrated that velaglucerase alfa is internal- 
ized approximately 2.5-fold more efficiently than imigiucerase 
(Figure 9). Internalization of both enzymes could be inhibited 
by the addition of mannan to the culture medium, demonstrat- 
ing that internalization was mediated via mannose receptors; 
moreover, U937 cells were shown by immunohistochemistry to 
express mannose receptors (CD206) (data not shown). It should 
be noted that during optimization of this assay, variations in 
results were obtained when different culture media were used. 
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Therefore, additional research will be required to determine the 
exact nature of the uptake since different mannose receptors 
exist, which may be involved in this cellular internalization. 
In contrast, the addition of M6P to the culture medium had 
no effect, confirming that the M6P receptor is not involved in 
internalization (data not shown). Since velaglucerase alfa and 
imiglucerase display similar kinetic parameters, specific activi- 
ties, and structural features, the different rates of internalization 
can be ascribed to differences in glycosylation patterns between 
velaglucerase alfa and imiglucerase, with the increased rate of 
internalization of velaglucerase alfa likely due to the expression 
of longer chain high-mannose type glycans compared to the 
core mannose stractures found on imiglucerase. 

Conclusions 

In summary, the X-ray structure of velaglucerase alfa is 
very similar to those of recombinant GlcCerases produced in 
other expression systems, with the R495H mutations found in 
imiglucerase and prGCD having no effect on the secondary 
structure. The main difference between imiglucerase and ve- 
laglucerase alfa concerns their glycan structures, with the latter 
containing longer chain high-mannose type glycans compared 
to the core mannose structures found on imiglucerase. Tins dif- 
ference in glycosylation appears to lead to the increased cellular 
uptake of velaglucerase alfa over imi glucerase. The role of pro- 
tein glycosylation in cellular uptake is widely established in 
many cell types (Barton et aL 1991). However, while the func- 
tion of the macrophage mannose receptor (MR; CD206) in inter- 
nalization of mannosylated proteins is well cliaracterized (East 
and Isacke 2002), a growing family of carbohydrate-binding re- 
ceptors have been implicated in diverse macrophage functions 
including removal and disposal of endotoxin (Ono et al. 2006), 
utilization of secreted lysosomal enzymes (Abe et al. 2008)! 
phagocytosis (Kang et al. 2005), and regulation of the innate 
immune response to microbial pathogen-associated structures 
(Garner et aL 1994). Thus, the differences in uptake observed 
between imiglucerase and velaglucerase-alfa can be attributed 
to oifferences in affinity for CD206, or alternatively could be due 
to differential uptake mediated by other macrophage mannose 
receptors such as Endol80. This observed increase in cellu- 
lar uptake of velaglucerase-alfa over imiglucerase can be envi- 
sioned to lead to a more rapid rime to improvement of clinical 
parameters and potentially increased therapeutic efficacy 



Material and methods 

Crystallization, structure determination, and refinement 
Velaglucerase alfa was partially deglycosylated (Kacher et al. 
2008) prior to crystallization, as previously described for 
imiglucerase (Dvir et aL 2003; Premkumar et al. 2005), us- 
ing AT-glycosidase F (88 h at 25°Q, which removes carbohy- 
drate chains from proteins and peptides by cleaving the amide 
bonds between Asn residues and #-acetyIglucosamme (Glc- 
NAc) (Han and Martinage 1992), but does not necessarily re- 
move all carbohydrate chains from native proteins. Subsequent 
to tf-glycosidase F-treatment, velaglucerase alfa was diluted 
in the crystallization buffer (10 mM citrate pH 5.5, 1% (v/v) 
ethanol, 0.02% (w/v) NaN 3 ) and passed through a Centricon 
YM-30 centrifugal filter device with a molecular mass cut-off 
of -30 kDa, to give a final concentration of 4-5 mg/mL. Ve- 

30 



laglucerase alfa crystals were obtained by micro-batch crystal- 
lization under oil (Chayen et al. 1990) using a Douglas Instru- 
ments Oryx6 robot Hie crystallization solution had a 1:1 ratio of 
the concentrated enzyme solution and of 1 M (Ntt^SfVO.l M 
HEPES, pH 7.0, containing 0.5% (w/v) PEG8000. Crystalliza- 
tion was performed under ATs oil (D* Arcy et aL 1996) (1:1 ratio 
of paraffin and silicone liquid oils) for 5-14 days at 20 P C Data 
were collected on beam line ID14eh2 at the ESRF synchrotron 
(Grenoble, Ranee). Crystals were cryo-protected with a 25% 
ethylene glycol solution, mounted, and flash cooled to 100 K. 
X-ray diffraction images were processed using HKL2000 and 
scaled with SCALEPACK (Otwinowski et al. 1997). The struc- 
ture was solved using the molecular replacement method based 
on PDB 2J25 (Brumshtein et aL 2006) and refined with Ref- 
mac5 (Murshudov et al. 1997). During the course of refinement, 
the electron density map showed significant improvement, and 
putative sugars could be seen adjacent to N19 and N146 for 
molecule A, and adjacent to N19 for molecule B. Table I sum- 
marizes data collection and processing. Structures and structure 
factors were deposited in the PDB (code 2WKL). 

Enzyme kinetics and specific activity 

The novel enzymatic activity assay described below measures 
the ability of GlcCerase to release glucose from GlcCer obtained 
from Gaucher spleen (Matreya LLC, PA, Cat no. 1057). Ve- 
laglucerase alfa (drug substance lot tiP06-003) and imiglucerase 
(commercial product lot C7036C01) were assayed. Hie re- 
leased glucose was quantified by anion-exchange chromatogra- 
phy equipped with a pulsed amperometric detector. The appro- 
priate amount of GlcCer in chloroform/methanol (2:1, v/v) was 
dried by a SpeedVac in me presence of 0.2 M taurochoHc acid 
in methanol and 20% (v/v) oleic acid in chloroform/methanol 
(2:1). Hie dried pellet was reconstituted in the 0.1 M citrate/0.2 
M phosphate buffer (pH 5.0) and diluted to the desired con- 
centrations. Enzyme samples were diluted to a concentration of 
0.2 ng/pJL with the dilution buffer (50 mM sodium citrate, pH 
6.0 with 0.75 mg/mL BS A) and 2 ng of enzyme was incubated 
for 30 min at 37°C with serial dilutions of GlcCer in a 1 10 p,L 
reaction volume. The reaction was stopped by heat denaturing 
samples at 100°C for 5 min. Sample manipulations were inter- 
nally controlled by adding 100 \tL of a galactosamine (GalN) 
solution to the reaction mixture. Dionex OnGuard II RP car- 
tridges were used to remove the detergent and lipid Hie analysis 
was carried out on a Dionex high-performance anion-exchange 
chromatography device, coupled with a pulsed amperometric 
detection apparatus (HPAE-PAD), using a CarboPac PA- 10 an- 
alytical column equipped with a CarboPac PA- 1 0 guard column. 
An isocratic flow of 6 mM NaOH at 0.25 mL/min for 25 min 
was used to separate monosaccharides (GIc and GalN). Hie 
amount of glucose (GIc) was calculated from linear regression 
analysis of GalN and GIc standards in the range of 10-480 pmol 
per injection. The assay was carried out in a range of substrate 
concentrations of 5-150 fiM, and obeyed Michaelis-Menten 
kinetics, thus permitting assignment of K m and values. 

Site-specific characterization of glycans 
Velaglucerase alfa (drug substance lot EP06-003, Shire Human 
Genetic Therapies, Hampshire, UK) and imiglucerase (com- 
mercial product lot HA163BL) were prepared for enzymatic 
digestion by reductive denatiiration with DTT, followed by and 



OiaracterizatioD of gene-activated human arfd-p-gucoodase 



cysteine alleviation with iodoacetic acid. Alkylated samples were 
digested first with the endoproteinase Lys-C (Roche Diagnostics 
GmbH, Mannheim, Germany) (1:42 enzyme to substrate ratio, 
w/w, for 6h at 37°Q, followed by digestion with endoproteinase 
Glu-C (1:25 enzyme to substrate ratio, w/w, for 16 h at room 
temperature). Digested samples were analyzed by peptide mass 
mapping using reversed phase chromatography with in-line UV 
/ (214 nm) and electrospray ionization with mass spectrometry 
detection (LC-ESI-MS). By comparing the peptide maps before 
and after glycan release using tf-glycosidase F (New England 
Biolabs, Ipswich, MA), the five potential glycosylation sites 
were identified. The glycan mass was calculated by subtract- 
ing the expected peptide mass from the observed glycopeptide 
masses. Using software to match the observed glycan masses 
with potential monosaccharide compositions, glycan composi- 
tions for each site were determined, lb verify monosaccharide 
compositions, treatments (according to manufacturer's recom- 
mendations) with neuraminidase (Roche Diagnostics GmbH), 
alkaline phosphatase (Roche Diagnostics GmbH, Mannheim! 
Germany), and a-mannosidase (Glyko, Inc., Hayward, CA) 
were used to verify the presence of sialic acid, phosphate, 
and alpha-linked mannose, respectively. MS/MS fragmentation 
analysis was used to verify glycan phosphorylation. 

Glycan map analysis 

The procedure involves heai denaturation of the protein at 100°C 
for 3-4 min in thepresenceof 05% SDS, followed by enzymatic 
release of glycans with Af-glycosidase F (Prozyme, San Leandro, 
CA). Velaglucerase alfa (drug substance lot EP06-001, Shire 
Human Genetic Therapies) was incubated with W-glycosidase 
F (30 mU/3 u-L) for 4-6 h at 37°C with 0.9% NP40, followed 
by a second addition of AT-glycosidase F, and an additional 17- 
19 h incubation at 37°C Analysis of the released glycans was 
performed by HPAE-PAD, using a CarboPac PA-1 analytical 
column equipped with a CarboPac PA- 1 guard column (Dionex, 
Sunnyvale, CA). Glycans were applied to the column in 12 
mM sodium acetate/100 mM NaOH, followed by elution with 
a 12-300 mM sodium acetate gradient (6.4 mM/min) in 100 
mM NaOH in 45 min. Using a flow rate of 1 mL/min and the 
column at ambient room temperature, glycans elute in die order 
of increasing negative charge. 

Cellular internalization 

Human U937 cells were cultured in growth media contain- 
ing RPMI 1640 with 2 mM L-glutamine, 10 mM HEPES, 1 
mM sodium pyruvate, 4.5 g/L glucose, 1.5 g/L sodium bi- 
carbonate, and 10% FBS. Treatment with phorbol myristate 
acetate (PMA) for 3 days was used to induce differentiation 
into macrophages (Amento et al. 1984). the U937-derived 
macrophages were seeded into 96-welI microliter plates at 
50,000 cells per well in growth medium, and allowed to ad- 
here to the plates for 48 h. Seeded macrophages were incubated 
for 3 h with equimolar preparations of velaglucerase alfa (drug 
substance lot FEC06-003, Shire Human Genetic Therapies) or 
imiglucerase (Cerezyme®; commercial product lot C7036C0I, 
Genzyme, Cambridge, MA) at pH 7.5, in growth medium con- 
taining RPMI 1640 devoid of phosphate, 0.1% BSA, 10 mM 
HEPES, pH 7.5, 2 mM L-glutamine, 1 mM DTT, and 10 mM 
Caa 2 . In all assays, the cells were treated with GlcCerase for 
a 3-h duration which was previously detennined to be in the 



linear range of internalization. For dose response carves uti- 
lized to demonstrate mannose-receptor specificity, 10 mg/mL 
mannan was used to antagonize die receptor. After a series of 
wash steps (wash buffer: 0.05 M Iris, 0.138 M Nad, 0.0027 M 
KC1, with 0.05% Tween 20, 0.5% BSA, pH 8.0), the cells were 
lysed (lysis buffer 10 mM Tris pH 8.0, 0.5% NP40, 0.2% de~ 
oxycholate, Complete Mini Protease Inhibitor Cocktail Tablets 
in EASYpacks and PhosSTOP Phosphatase Inhibitor Cocktail 
Tablets in EASYpacks, Roche Applied Science), and the inter- 
nalized GlcCerase was quantified by an assay employing the 
synthetic substrate, 4-methylumrjelhfeiyl-^i>gJucopyranoside 
(4-MU-gIc), which releases a fluorescent product upon cleavage. 
The protein content in the well was detennined (BCA method 
according to the manufacturer's protocol) and was used to nor- 
malize the assay signal to total protein from each sample. Hie 
assay signal for the GlcCerase samples was tested in vitro to de- 
termine the extent of activity or signal disparity between the two 
drugs, and there was no difference in activity (data not shown). 
For these assays, 2-fold serial dilutions of velaglucerase alfa and 
imiglucerase (starting at 30 nM enzyme) were made in the assay 
lysis buffer and tested using the 4-MU-glc enzymatic activity 
assay. Plates were read with a Perkin Elmer Envision multi-label 
plate reader. 
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Abbreviatioiis 

CHO, Chinese hamster ovary; ERT, enzyme replacement ther- 
apy; GA-GCB, velaglucerase alfa; GlcCer, glucosylceramide; 
GlcCerase, acid-P-glucosidase; MoT, mannose-6-phosphate; 
prGCD, GlcCerase expressed in transgenic carrot cells; RMSD, 
root mean square deviation. 
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Letter from FDA to Transkaryotic Therapies, Inc., dated January 12, 2004, 
providing the IND number and showing the date of receipt by FDA of the IND 



J$ DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service 

ynaZC — — — _ - — . _ 



Food and Drug Administration 
RockvOle, MO 20857 



IND 61,220 



Transkaryotic Therapies, Inc. 
Attn: Suzanne L. Bruhn, Ph.D. 
Vice President, Regulatory Affairs 
700 Main Street 
Cambridge, MA 02139 



Dear Dr. Bruhn: 

We acknowledge receipt of your Investigational New Drug Application (IND) submitted under 
section 505(i) of the Federal Food, Drug, and Cosmetic Act. Please note the following 
identifying data: 

IND Number Assigned: 61 ,220 

Sponsor Transkaxyotic Therapies, Inc. 

Name of Drug: Gene-Activated® Glucocerebrosidase (GA-GCB, DRX008A) 

Date of Submission: December 30, 2003 

Date of Receipt: December 31, 2003 

Studies in humans may not be initiated until 30 days after the date of receipt shown above. If, on 
or before January 30, 2004, we identify deficiencies in the IND that require correction before ' 
human studies begin or that require restriction of human studies, we will notify you immediately 
that (1) clinical studies may not be initiated under this IND ("clinical hold") or that (2) certain 
restrictions apply to clinical studies under this IND (''partial clinical hold"). In the event of such 
notification, you must not initiate or you must restrict such studies until you have submitted 
information to correct the deficiencies, and we have notified you that the information you 
submitted is satisfactory. 

It has not been our policy to object to a sponsor, upon receipt of this acknowledgement letter, 
either obtaining supplies of the investigational drug or shipping it to investigators listed in the 
IND. However, if the drug is shipped to investigators, they should be reminded that studies may 
not begin under the IND until 30 days after the IND receipt date or later if the IND is placed on 
clinical hold 



IND 61,220 
Page 2 



As sponsor of this IND, you are responsible for compliance with the Federal Food, Drug, and 
Cosmetic Act and the implementing regulations (Tide 21 of the Code of Federal Regulations) 
Those responsibilities mclude (1) reporting any unexpected fatal or life-threatening adverse 
experience -urated with use of the drug by telephone or fax no later than 7 calendar days after 
untial iweipt of the infon^tion [21 CFR 312.32(c)(2)]; (2) reporting any adverse experience 
as oaated with use of the drug that is both serious and unexpected in writing no later than 15 
calendar days after initial receipt of the information [21 CFR 312.32(c)(1)]; and (3) submitting 
annual progress reports [21 CFR 3 12.33]. ^muting 

Please forward all future communications concerning this IND in triplicate, identified by the 
above IND number, to the following address: 

U.S. Postal Ser vice/Courier/Overnight Mail! 

Food and Drug Administration 

Center for Drug Evaluation and Research 

Division of Metabolic and Endocrine Drug Products, HFD-510 

Attention: Fishers Document Room, 8B-45 

5600 Fishers Lane 

Rockville, Maryland 20857 

If you have any questions, call me at (301) 827-6416. 



Sincerely, 

{See appended electronic signature page} 

Patricia Madara 

Regulatory Project Manager 

Division of Metabolic & Endocrine Drug Products 

Office of Drug Evaluation II 

Center for Drug Evaluation and Research 



This is a representation of an electronic record that was signed electronically and 
this page Is the m anifestation of the electronic signature. e,eCT ™mcany ana 

IbI ~ 



Patricia Madara 
1/12/04 02:28:37 PM 
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Attachment Gl 



A written record of the discussion that occurred on January 28, 2004 regarding 
modification of the protocol 



FDA CONTACT REPORT 
DRX008A 



Contact: 



Pat Madara, Metabolic and Endocrinologic Group 
Phone: 301-827-6416 



Date: 
Time: 



28 Jan 2004 



10:30 



TKT Participants: Steve Schmitz (SS) 
Executive Summary: 

• Pat Madara telephoned to say that Dr. Pariser, the medical reviewer for the IND submission, 
informed her that she had not received the protocol amendment, which incorporated the 
changes discussed at the Pre-IND meeting. 

• If she did not receive the amendment, the program would be placed on clinical hold. 

• I informed her that we were prepared to send out the amendment within the next 1-2 days. 

Action Item: ~ 

• Send out the protocol amendment to Pat Madara. 



Signature: 




Date: VI rfa 



Copy List: 



W. Aliski 
R. Fram 



RA Archives (original) 
RA Chronology 



1 

This document contains confidential and proprietary information of Transkaryotic Therapies, Inc. 

do not copy or distribute without written permission. 
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Attachment G2 

Letter from Transkaryotic Therapies, Inc. to FDA dated March i i , 2004, 
concerning amendment of protocol 



TRANSKARYOT1C THERAPIES INC. 



TKT 

11 March 2004 

Patricia Madara 

Regulatoiy Project Manager 

Division of Metabolic and Endocrine Drug Products 

Office of Drug Evaluation II 

Center for Drug Evaluation and Research 

5600 Fishers Lane 

Rockville, MD 20857 



RE: IND# 61,220 

Amendment 2.0, Clinical Protocol TKT025 
Serial No. 002 

Product Name: Mannose-terminated, Gene-Activated® Glucocerebrosidase, 

(GA-GCB,DRX008A) 

Dear Ms. Madara: 

Please find enclosed a copy of Amendment 2.0 to Clinical Protocol TKT025 (Attachment 
1), and a document entitled, "Listing of Changes in Amendment No. 2 to TKT Clinical 
Protocol No. TKT025 (Attachment 2). 

The changes include: 

1) Addition ofaMRIofihe lumbar spine. Originally, the MRI evaluation examined 
only the femora and abdomen. However, in order to enhance the assessment of 
bone marrow involvement by the Bone Marrow Burden Score (see below), an 
MRI of the lumbar spine is required. 

2) The addition of an exploratory clinical activity variable, the bone marrow burden 
score. This score is obtained by evaluating MRI images of both the axial (lumbar 
spine) and peripheral (femora). 

3) Clarification of timing of vital sign determination 

4) Itemization, by "bulleting", in the Schedule of Events, to specify 
electrocardiogram testing at Weeks 21 and 33. 

5) Updating of the Informed Consent to describe the additional tests mentioned 
above. In addition, a statement regarding the potential eligibility of a patient who 
declined to enter the study, to receive approved therapy (Le., imiglucerase), was 
deleted. TKT believed that the statement, as written in the Amendment 1.0, had 
potential to be misleading to patients. We were concerned that a patient could 
possibly interpret the previous wording to mean that, in the event that he declined 
to participate in the study, the Sponsor would provide imiglucerase, a currently 
approved therapy for Gaucher disease. 



700 MAIN STREET CAMBRIDGE, MA 02 1 39 617 349-0200 FAX 617 61 3-4004 



If you have any questions or comments, please telephone me at 617-613^364. Thank 
for your consideration. 



Sincerely, 

Stephen M. Schmitz, M.D., M.P.H. 
Director, Safety and Regulatory Affairs 
Transkaryotic Therapies, Inc. 
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Attachment G3 

FDA communication to Transkaryotic Therapies, Inc. dated May 20, 2004, 
concerning amendment to protocol 



AGENCY CORRESPONDENCE 



GCB 




Date 



Time 



Pat Madara, Project Manager 

Div. of Metabolic and Endocrinologic Drug Products/CDER/FDA 
301-827-6416 



20 May 2004 



1400 and 1415 (Hours and Minutes in Military Time) 



Agency Participants 

Pat Madara, Project Manager (PM) 

Re: IND 61,220 - DRX008A (glucocerebrosidase, GA-GCB) 
TKT Participants 

Suzanne L. Bruhn, VP, Reg. Affairs (SB) 

Alyssa Sonntag, Project Manager, Reg. Affairs (AS) 

Executive Summary 

• FDA has no comments on the blinding procedure to be implemented for the analysis of 
liver and spleen volumes from MRI scans taken for Study TKT025. TKT will make no 
changes to the current version of the blinding procedure (dated 7 April 2004) 



IIIIIMT 



iry 



»L 12? J k, CaI,ed / M , to Wq( i m ° n , the status of review of the blinding procedure for 

JSfe^ h T ^ ^ pl ^ a volumes from the MRI scans taken for Study TKTOK^SwS 

S tH^ w C ^/Sf 1 003 °» 7 A ^ V* 04 - PM stated that the Meal Officers revfew 
of this submission had been completed but she would need to confirm if ttewrc Z 

wXSfin?^™ *T\?f rev ^. PM stated that^ZuldcSc7u7sS 

5? ri? t^SSStr ffi W ! t «M her again after 2 weeks if we had not heard from her. 
PM win be out of the office during the last week of May and the first week of June. 

PM called back at 1415 and informed SB that she had pulled the Medical Officer's review and 
fcat it was "safe to proceed [with the blinding procediSe] as amended." Krc TKT wffl 
make no changes to the cuneiit version of the bh^ 1K1 

Serial Submissions Discussed 

Serial 003, submitted to IND 61 ,220 on 7 April 2004 



THIS DOCUMENT CONTAINSGONnDBNTtAL AND PROPRIETARY INFORMATION OF TRANSKARYOTOC THERAPIES, iNcT 

DO NOT COPY OR DISTRIBUTE WITHOUT WRITTEN PERMISSION. 

I 



Action Item(s) 
• None 




Signatarer>4<k rr ^ \*r^.rXlfr Da te >W Hou^Jm^ 

Copy List Regulatory Chronology (Original w/ signature) 
S.Bruhn 
R. Fram 
S. Zildjian 
N. Wyant 



This document contains confidential and proprietary information of Transkaryottc Therapies, Inc. 

do not copy or distribute without written permission. 
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Attachment H 

Letter from FDA to Shire Human Genetic Therapies, Inc. indicating the date the 
ESfD was put on clinical hold 
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NOV 2 8 2006 

SHIRE HGT 



FOOD AND DRUG ADMINISTRATION 

DIVISION OF GASTROENTEROLOGY PRODUCTS 

Center for Drug Evaluation and Research, BFD-180 
10903 New Hampshire Ave, Sflver Spring, MD 20993-0002 




ToiNlkhflS. Mehta, FhJX 



From; Ryan Banaco 



Fax: 617-613-4444 



Fax: 301-796-9905 



Phone: 617-613-4531 



Phone: 301-796-0846 



Pages, inchidiag cover sheet: 8 



Date; November 28, 2006 



Re IND 61,220 for GA-GCB - Full Clinical Hold Letter 



Comments: 
Courtesy Fax 



TMS DOCUMENT tS INTENDED ONLY FOR THE USB OF THE PARTY TO WHOM n IS APTflffifism Attn mav *vwta™ 
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DEPARTMENT OF HEALTH & HUMAN SERVICES 



Food and Drug Administration 
Rockvfflet,MD 20857 



PubfeHaatthSannca 



IND 61,220 



FULL CLINICAL HOLD 



Shire Human Genetic Therapies 

Attention: Nikhil Mehta, PhJD. 

Vice President, Olotxal Regulatoiy Affairs 

700 Main Street 

Cambridge, MA 02139 

Dear Dr. Mehta; 

Please refer to your Investigational New Drug Application (IND) submitted December 30, 2003, 
received December 3 1 , 2003 , under section S05(i) of the Federal Food, Drag, and Cosmetic Act 
for Gene Activated® Glucocerebrosidase (GA-GCB). 

We also refer to your amendment dated August 3, 2006 (serial # 035), and to the 
November 20, 2006, telephone conversation between you and our Division, in which you were 
notified that your IND is on clinical hold and any proposed studies may not be initiated The 
following are the specific deficiencies [21 CFR 3 12,42(b)] and the information needed to resolve 
these deficiencies. 

Insufficient information to assess risks to human subjects [21 CFR 3 12.42(b)(2)(ii)]. 
Clinical Hold Deficiencies 

The chemistry, manufacturing, and controls (CMC) amendment dated August 3, 2006, 
did not demonstrate that the two manufacturing processes for Gene Activated® 
Glucocerebrosidase (GA-GCB) yield drug substances (DS) with comparable 
physicochemicai characteristics. The comparability data provided in this amendment 
revealed that tibane were the following physicochemicai differences between DS produced 
by the two processes: 



a. For the glycan mapping, the total percentage of Group 1 carbohydrates is different 
between the two DS, and it appears that relative proportions of individual peaks 
within Group 1 are different in the two DS, 

b. Although the predominant peaks C, D, and E in IEX-HPLC constitute more than 
75% of the total peak area and meet the acceptance criteria, there is a significant 
shift in the proportion of each peak, which does not appear to be due to assay 
variability. 

c. The patten of bands detected by IEF geb Coomassie stained is different in DS 
manufactured with the serum containing process (E303-006) versus DS 
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manufactured with the animal-free process (EP06-003). At least one additional 
acidic species is present in E303-006. 

Asyou^d to the DS manufactured using the new manufacturing process in your 
proposedPhase 3 clinical study, and as this DS has not been evaluated in preclinical or 
^T? d !f ' insufficient mformation exists with this DS to assess the risks to human 
subjects for the proposed Phase 3 clinical investigation. 

Information needed to resnb/e clinical hnt d deficiencies 

1. You must demonstrate the comparability of DS by the two manufacturing processes 
as set forth in the "Guidance for Industry QSE Comparability of r 1 ™**** 
BiotechnologicaimioloBical Products Subject to Changes in their Manufacturing 

2. Aherr^ely you may propose to perform your Phase 3 clinical study using the same 

adm^Jftered in the completed Phase 1/2 study and in the pre-elinkal testine 
conducted m support of this Phase 1/2 study. 



J. 



Alternatively, you may propose to repeat preclinical and clinical studies with DS 
manufactured using the new maiiufacturing method, which are needed to support the 
proposed Phase 3 clinical study. These studies are to include: 

a. A head-to-head comparison of the two DS in i« vitrv and in vivo 
pharmacology studies to demonstrate comparability of the two DS on the 
primary pharmacological effect of GA-GCB. 

b. A head-to-head tissue distribution comparison of the two DS in Spraeue 
Dawley rats of both sexes. 

c. Acim^saidytoassessfteptar^^ 
preliminary safety of GA-GCB administration. 

Ifatil you have submitted the required information, and we notify you that you may initiate the 
trial, you may not legally conduct the identified clinical study under this IND. 

SST y0 I^ POnSe 10 ** Cfinical ^^esasa "CLINICAL HOLD COMPLETE 

™S & To facilitate arespor^ to vour submission, submit this information in triplicate to 
the IND. in addition, send a copy of the cover letter to Ryan Barraco. 

1 ^^30&£ iPt ° f y0arcomplete res P° nse to 4686 issues, we will notify you of our decision 

^JL^^LT^ fo I lowm S recommendations and requests that are important for product 

^2^!3^f. ,KrtC,iniCa, h ° W ^ « *is time. Your responses to anyXholdSS 
should be addressed in a separate amendment to the IND. 
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Regarding characterizatioD and release testing: 




2. Rwitine DS and DP release testing should also include (i) measurements of 
me JW and kinetic parameters using a physiologically relevant substrate, 
and (11) a quantitative assessment of receptor binding and uptake by 
macrophages. Please note that glycan mapping is not considered to be a 
potency assay from a regulatory perspective. 

3. An in-depth characterization of the glycan structures in GA-GCB, with 
information on branching and size of the glycan chains, mannose-6P content 
a.„ residual content of NANA should be performed. Adequate assays mat 
allow for control of carbohydrate content and structure should be included in 
release testing. 

4. The area for each peak identified in groups 1 , 2 and 3 of the glycan mapping 
assay should be specified in your release testing. 

5. N-tennmal sequencing and Western blotting for identity, and Ion Exchange 
Chromatography for purity were not performed at release testing for the 
clmical lots of DS. These tests assess critical product attributes and should be 
maintained as release tests. 

6. Your current DS acceptance criteria for RP-HPLC and SE-HPLC are > 94% 
of the main peak area. From the results of batch analysis, it appears that on 
average, RP-HPLC purity is about 98% and SE-HPLC is about 97%. 
Acceptance criteria should be established based on process capability and 
manufacturing experience, and we recommend establishing more stringent 
specifications. 

7. It appears that the new process generates a DSwfm a Wglier percent of 
aggregates (by comparison of batch analysis results). These aggregates should 
be characterized, and an orthogonal method to detect aggregates should be 
used to validate SE-HPLC 

8. It is not clear whether studies were performed to detect impurities that could 

^f^S^ DP raanufacturin g process. The increase in aggregation of 
GA-CK3J during DP maiuifactuT^ 
implemented to minimize aggregate formation. 
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9. You have significantly changed DP acceptance criteria for SE-HPLC and 
RP-HPLC to > 92% main peak area. Although you justify these acceptance 
criteria based on limited manufacturing experience, they appear to allow for 
excessive amounts of aggregates and impurities in the DP. Acceptance criteria 
should be established based on process capability and manufacturing 
experience, and we recommend establishing more stringent specifications. 

Regarding the manufacturing process: 

10. You provided flow charts for the manufacturing process that include in- 
process controls. It appears that the only in-process control in the purification 
step is protein recovery. We recommend inclusion of additional in-process 
tests that could provide information on purify such as, but not limited to, SDS- 
PAGE reducing and non-reducing. 

1 1 . You stated that impurities derived from the culture medium, such as plant 
hydrolysates, Irifunensine and DTT will be removed during the purification 
process. You should provide supportive data for the above claims. Presence 
of impurities should be assessed and specified at critical steps, and in lot 
release. Alternatively, removal of the process-related impurities must be 
validated. 

1 2. Acceptance criteria for HCP content should be modified to reflect the actual 
capability of the process to remove these impurities. Currently, acceptance 
criterion is <200 ngfrng, and the actual results range from 7 to 23 ngfag. 

13. You state that antibodies have been raised against protein lysates from cells 
growing in serum-free and senim-containing medium. Please clarify which 
antibodies have been used to develop the ELISA and Western blotting assays. 

Regarding stability: 

14. It is important to demonstrate that critical drug potency parameters are not 
altered at the indicated storage temperature. Please include the following 
assays in your stability testing program forDS and DP: 

a. Macrophage uptake assay and receptor binding assay. 

b. Measurements of the K«, and Ic^ kinetic parameters. 

c. AH assays should be evaluated for stability indicating potential, 

15. Please refer to ICH Q5C for guidance on stability studies for biotechnology 
products. 



13:22 FAX 3014439285 DGP @O06/O0S 



IND 61,220 

Regarding cell banks: 

16. You provided a stability program for MCB and WCB of up to four years. 
Viability ami growth should be assessed at later times as well, to ensure that a 
constant supply of starting material is reproducibly available. 

1 7. Please submit data regarding viral clearance by filtration for review as soon as 
they are available. 

Clinks/Statistical 

Regarding your proposed Phase 3 clinical protocol: 

1 8. Your protocol contains a large number of secondary endpoints. If you intend 
to use any of these secondary endpoints to support the indication for the 
treatment of type 1 Gaucher disease with GA-GCB, you will need to include 
in your statistical analysis plan a proposal for evaluating these em^otnts in a 
statistically rigorous manner that accounts for multiplicity. 

19. Please provide a rationale for performing pharmacokinetic sampling to 
evaluate the multiple-dose phara&cokinetics of GA-GCB at Week 37. 

20. Your protocol excludes from study participation patients who are anti- 
imiglucerase IgG antibody positive. As stated at the End of Phase 2 (EOP2) 
meeting on January 1 1 , 2006, it is likely feat at least some of the patients in 
clinical practice who transition from Cerezyme® to GA-GCB will be IgG 
anti-imiglucerase antibody positive. We recommend that the inclusion criteria 
be broadened to include type 1 Gaucher Disease patients regardless of 
imiglucenise-antibodty states, as inclusion of these patients would more 
accurately represent the expected clinical use of GA-GCB, and would support 
the use of GA-GCB in a broader patient population. 

21. The stopping rules for your study (in protocol section 9.4) state that Tf any 
patient experiences a life-threatening (Grade 4) serious adverse event (SAE), 
or death occurs that is considered possibly or probably related to the study 
dru& the decision to stop the study requires agreement by the Shire HGT 
Medical Monitor, the Investigator, and the IRB/DEC" Please revise the 
stopping rotes for the study based on specific safety criteria, rather than on fee 
subjective assessment of events by study personnel. 

22. The procedures for Serious Adverse Event (SAE) reporting (in protocol 
section 93.1) state that "Any SAE that occurs after administration of the first 
dose of GA-GCB must be reported in the event of a severe, possibly or 
probably related AE or SAE.. Please revise the SAE reporting procedures in 
your protocol to more accurately reflect fee requirements under 

21 CFR 312J2(cXl) and (2), whereby "The sponsor shall notify FDA and all 
participating investigators in a written IND safety report of: (A) Any adverse 
experience associated with the use of the drug that is both serious and 
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£«qwcted... and "The sponsor shall also notify FDA by telephone or by 
^^L t ^T a0n ******** <* life^reatening experience 

r^r 6 *^ does not include a subjective assessm J 

(possibly or probably related) of the event 

^^f* re ^ se y° nr P r o<ocol so that an pediatric patients participating in the 
study are to undergo assessments of growth at regular intervalsintne study 
wS^l^i^ & assessments 0 f height^i' 

ESS * 1)8 ?? aincd !» a stenda « i faed iiiaiinerthataretobeoelineatedin 
*e study protocol (e.g., height measured via a calibrated stadioroeter, and the 
final measurement taken as an average of three measurements). 

24 ' S 83,01,16 hrfom,ed Consent fonn states (on page 5, paragraph 7) that 
ctoldren as young as two years of age will be undergoing magnSc resonance 
nnaguig (MRI) testog. in young children, sedation is ofbTrequired for MRI 
testmg. We reco^end that you revise your sample Informed Consent form 
to note the possible need for sedation in pediatric patients for MRI testing, and 
an explanation of the risks of sedation m these pslisr.ts. * 

P^rite the IND number listed above at the top of the first page of any communications 
con^g th, s apphcabon. Send all submissions, electronic orSper, iiudmg AoTS by 
overnight mad or courier, to the following address: * ™ 

Food and Drug Administration 
Center for Drug Evaluation and Research 
Division of Gastroenterology 
5901-B Ammendale Road 
Beltsvflle, MD 20705-1266 

Ff you have any questions, call Ryan Barraco, Regulatory Project Manager, at (301) 796-0846. 

Sincerely, 

{See expended electronic signature page} 

Brian B. Harvey, MD., Ph.D. 
Director 

Division of Gastroenterology Products 

Office of Drug Evaluation in 

Center for Drug Evaluation and Research 
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This Is a representation of an electronic record that was signed electronically and 
this page is the manifestation of the electronic signature. y 



/s/ 



Brian Harvey 
11/27/2006 04: 00; 35 PM 



In re U.S. Patent No.: 7,138,262 Bl Attome y Docket No.: S207i-70ioi9/ooi3US 

Issued: November 21, 2006 
Inventors: Peter Francis Daniel 
Assignee: Shire Human Genetic Therapies, 
Inc. 

Title: HIGH MANNOSE PROTEINS AND METHODS OF MAKING HIGH 
MANNOSE PROTEINS 



Attachment I 



Letter from FDA to Shire Human Genetic Therapies, Inc., dated December 21, 
2006, removing the clinical hold and indicating that the protocol can be initiated 



DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Servtee 



Food and Drug Administration 
FbckviIie,MD 20857 



Shire Human Genetic Therapies i" ' REGU 'S E ^ FAlHS REeu^rt^ms 

Attention: NikhilMehta, Ph.D. ^^kceived 
Vice President, Global Regulatory Affaire 

700 Main Street " ' " 7 . JAN 5 iuua 

Cambridge, MA 02139 

SHJBBlHGT SHIRE HGT 

DearDr.Mehta: ! . -^-""^ • . . .. -1 . 

•v„:i„.^. _ ----^-k ■ - 

Please refer to your Investigational New Drug Application (B^rsubrnitted December 30 2003 *"" " 
™*™x£n SOS© of me Federal Food, Drug, and Cosmetic Act for Gene aS? ' 
Glucocerebrosidase (GA-GCB). 

Weako refer to your amendment dated November 30, 2006 (serial # 04R which , 

SET 2?5 £ T ^ ? 2 2006 ' lettEr cited * e ^sons' forpladng P^tocol 
^1 ^f^^ Rand0mized - Double-Blind, Parallel Group, Two-Dose Study of 

vTt Human Glucocerebrosidase (GAGCB) Enzyme Replacement Therapy in 

mitSi^ reVieW ° f y0OT submission » *"» concluded that the above protocol 
We have the following comments, however, regarding your clinical development prograra: 

m5S?S^^: S?* 311(1 ™ Vpine for ^8 substance (DS) lots 
E303^005, E303-O06, E303-O07, and EP06-003 indicate that physico-chemical 

tSESSFZ betWee l the »S ^otactured with different processes that were used in 
^ k ^ T7' ?T l***™™ do not appear to pose a serious safety risk to 
human subjects and clmical trials with the Animal Free (AF) DS appear to be safe to 
proceed at to time. Nevertheless, in view of these difrerencis, ple^be aw^ you 
might not be able to use the Phase 1 clmical data generated using the serum^S^ 
D& to support a future marketmga^ 6 

^^15^ fP' y° u ™ responsible fox compliance with the Federal Food, Drug, and 
Cosmetic Act and the implementing regulations (Tide 21 of the Code of Federal Relations) 
Those responsibility include (1) reporting any unexpected fetal or BiMfaaSSSS , 
STT^ J* « *"B ^ telephone or fax no l,tJ^T^^ after 

22S5f ^^i 21 -^ 312 32 ^ ( 2 ) porting any adverse experience 
SEE? ^? I the drug that is both serious and unexpected in writing no laStan 
15 calendar days after imhal receipt ofthe information [21 CFR31Z32(c)(lil- andtt) 
submitting annual progress reports [21 CFR 312.33]. 
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If you have any questions, call Ryan Banaco, Regulatory Project Manager, at (301) 796-0846. 

Sincerely, 

{See appended electronic signature page} 

Brian K Haivey, M.D., PhD, 
Director 

Division of Gastroenterology Products 

Office of Drug Evaluation III 

Center for Drug Evaluation and Research 
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This is a representation of an electronic record that was signed electronically and 
this page is the manifestation of the electronic signature. 



/s/ 



Brian Harvey 
12/21/2006 05:11:30 PM 
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Inventors: Peter Francis Daniel 
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Attachment J 

Letter from FDA to Shire Human Genetic Therapies, Inc., dated September 14, 
2009, acknowledging receipt of the final submission of the NDA 



Food and Drug Administration 
Silver Spring MD 20993 



NDA 22575 



Shire Human Genetic Therapies, Inc. 

Attention: Nikhil Mehta, Ph.D. 

Vice President, Global Regulatory Affairs 

700 Main Street 

Cambridge, MA 02139 



NDA ACKNCT 



SEP 142009 

Jteceived 



Dear Dr. Mehta: 

We have received your new drug application (NDA) submitted under section 505(b) of the 
Federal Food, Drug, and Cosmetic Act (FDCA) for the following: 

Name of Drug Product: TRADENAME (velaglucerase alfa) 

Date of Application: August 3 1 , 2009 

Date of Receipt: August 31, 2009 

Our Reference Number: NDA 22575 



Unless we notify you within 60 days of the receipt date that the application is not sufficiently 
complete to permit a substantive review, we will file the application on October 30, 2009, in 
accordance with 21 CFR 314.101(a). 

If you have not already done so, promptly submit the content of labeling [21 CFR 
314.50(l)(l)(i)] in structured product labeling (SPL) format as described at 
http://www.fda.gov/oc/datacouncil/spLhtml. Failure to submit the content of labeling in SPL 
format may result in a refusal-to-file action under 21 CFR 314.101 (d)(3). The content of 
labeling must conform to the content and format requirements of revised 21 CFR 201.56-57. 

The NDA number provided above should be cited at the top of the first page of all submissions 
to this application. Send all submissions, electronic or paper, including those sent by overnight 
mail or courier* to the following address: 

Food and Drug Administration 
Center for Drug Evaluation and Research 
Division of Gastroenterology Products 
590 1-B Ammendale Road 
BeltsvUle, MD 20705-1266 
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All regulatory documents submitted in paper should be three-hole punched on the [eft side of the 
page and bound. The left margin should be at least three-fourths of an inch to assure text is not 
obscured in the fastened area. Standard paper size (8-1/2 by 1 1 inches) should be used; however, 
it may occasionally be necessary to use individual pages larger than standard paper size. 
Non-standard, large pages should be folded and mounted to allow the page to be opened for 
review without disassembling the jacket and refolded without damage when the volume is 
shelved. Shipping unbound documents may result in the loss of portions of the submission or an 
unnecessary delay in processing which could have an adverse impact on the review of the 
submission. For additional information, please see httD://www.fda.gov/cder/ddms/bmders.htm . 

If you have any questions, call me at (301) 796-0069. 



Sincerely, 

{See appended electronic signature page} 

R. Wesley Ishihara 
Reenlatorv Health Pmiprt Ma 

nonpp 

Division of Gastroenterology Products 

Office of Drug Evaluation III 

Center for Drug Evaluation and Research 
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This is a representation of an electronic record that was signed 
electronically and this page is the manifestation of the electronic 
signature. 



/s/ 



RICHARD W ISHIHARA 
09/14/2009 
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Attorney Docket No.: S2071-701019/OOI3US 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re U.S. Patent No.: 7,1 38,262 Bl 
Issued: November 21, 2006 
Inventors: Peter Francis Daniel 
Assignee: Shire Human Genetic Therapies, 
Inc. 

Title: HIGH MANNOSE PROTEINS AND METHODS OF MAKING HIGH 

MANNOSE PROTEINS 



CERTIFICATE OF EXPRESS MAILING UNDER 37 C.F.R. SI. 10 
The undersigned hereby certifies that this document was deposited with the U.S. Postal Service on 
April 22, 2010 for express mailing in accordance with §1.6fe)(2). * 



ivian diup naicn- waxinaii r in 

Commissioner for Patents 

P.O. Box 1450 

Alexandria, VA 22313-1450 

APPLICATION FOR EXTENSION OF PATENT TERM UNDER 35 U.S.C. § 156 

Applicant, Shire Human Genetic Therapies, Inc. represents that it is the Assignee 
of the entire interest in and to United States Patent No. 7,138,262 Bl granted to Shire 
Human Genetic Therapies, Inc. on the 21st day of November 2006, for "High Mannose 
Proteins and Methods of Making High Mannose Proteins" by virtue of an assignment 
from Peter Francis Daniel to Transkaryotic Therapies, Inc., recorded in the U.S. Patent 
and Trademark Office at Reel 01 1662, Frame 0815, on March 28, 2001, and from 
Transkaryotic Therapies, Inc. to Shire Human Genetic Therapies, Inc., recorded in the 
U.S. Patent and Trademark Office at Reel 018224, Frame 0390, on August 31, 2006. 

By the Power of Attorney enclosed herein (Attachment A), Applicant has 
appointed several individual attorneys, including Laurie Butler Lawrence, as attorneys for 
Shire Human Genetic Therapies, Inc. with regard to this application for extension of the 
term of U.S. Patent No. 7,138,262 Bl and to transact all business in the U.S. Patent and 
Trademark Office in connection therewith. 




In re U.S. Patent No.: 7,138,262 Bl Attorney Docket No.: S2071-701019/0013US 

Issued: November 2 1 , 2006 
Inventors: Peter Francis Daniel 
Assignee: Shire Human Genetic Therapies, 
Inc. 

Title: HIGH MANNOSE PROTEINS AND METHODS OF MAKING HIGH 
MANNOSE PROTEINS 

Transkaryotic Therapies, Inc. became Shire Human Genetic Therapies, Inc. on 
January 1 7, 2006. Shire Human Genetic Therapies, Inc. is the holder of the regulatory 
approval granted with respect to the regulatory review period relied on herein. 

Information Required Under 37 C.F.R. S 1.740 

Applicant hereby submits this application for extension of the patent term under 
35 U.S.C. § 156 by providing the following information required by the rules 
promulgated by the U.S. Patent and Trademark Office (37 C.F.R. § 1.740). For the 
convenience of the Patent and Trademark Office, the information contained in this 
application will be presented herein in a format which follows the order of the 
requirements of Section 1 .740 of Title 37 of the Code of Federal Regulations. 

(1) Identification of the Approved Product [1.740(a)(1)] 

The approved product is VPRIV . The name of the active ingredient in 
VPRIV is velaglucerase alfa for injection. Velaglucerase alfa for injection is a 
hydrolytic lysosomal glucocerebroside-specific enzyme indicated for long-term 
replacement therapy (ERT) for pediatric and adult patients with type 1 Gaucher disease. 

. . Til 

The active ingredient of VPRIV is velaglucerase alfa, which is produced by gene 
activation technology in a human fibroblast cell line. Velaglucerase alfa is a glycoprotein 
of 497 amino acids; with a molecular weight of approximately 63 kDa. Velaglucerase 
alfa has the same amino acid sequence as the naturally occurring human enzyme, p- 
glucocerebrosidase. Velaglucerase alfa contains 5 potential N-linked glycosylation sites; 
four of these sites are occupied by glycan chains. Velaglucerase alfa is manufactured to 
contain predominantly high mannose-type N-linked glycan chains. VPRIV™ is supplied 
as a sterile, preservative free, lyophilized powder in single-use vials. Following 
reconstitution with Sterile Water for Injection, USP, the solution contains the components 
listed in Table 3 of the package insert, which is provided in Attachment B (a copy of the 

2 
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Issued: November 2 1 , 2006 
Inventors: Peter Francis Daniel 
Assignee: Shire Human Genetic Therapies, 
Inc. 

Title: HIGH MANNOSE PROTEINS AND METHODS OF MAKING HIGH 
MANNOSE PROTEINS 

package insert is also provided as an enclosure to the NDA approval letter from FDA to 
Shire Human Genetic Therapies, Inc., dated February 26, 2010 in Attachment C). 

(2) Federal Statute Governing Regulatory Approval of the Approved 
Product [1.740(a)(2)] 

The approved product, VPRIV , was subject to regulatory review under § 505(i) 
and §505(b) of the Federal Food, Drug, and Cosmetic Act (21 U.S.C. § 355(i) and § 
355(b)). 

(3) Date of Approval for Commercial Marketing [i. 740(a)(3)] 

The approved product, VPRIV , received permission for commercial marketing 
or use under Section 505(b) of the Federal Food, Drug, and Cosmetic Act on February 
26, 2010. A copy of the NDA approval letter from FDA to Shire Human Genetic 
Therapies, Inc., dated February 26, 2010 (with enclosure), is provided as Attachment C. 

(4) Identification of Active Ingredient and Certifications Related to 
Commercial Marketing of Approved Product [1.740(a)(4)] 

The only active ingredient in VPRIV is velaglucerase alfa for injection which, 
on information and belief, has not been previously approved for commercial marketing or 
use under the Public Health Service Act, the Virus-Serum-Toxin Act or the Federal Food, 
Drug, and Cosmetic Act. A copy of the package insert describing the approved product is 
attached (Attachment B). 
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Inventors: Peter Francis Daniel 
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(5) Statement Regarding Timeliness of Submission of Patent Term 
Extension Request [ 1.740(a)(5)] 

This application for extension of patent term under 35 U.S.C. § 1 56 is being 
submitted within the permitted 60-day period pursuant to 37 C.F.R. § 1 .720(f). The last 
day on which this application can be submitted is April 26, 2010. 

(6) Complete Identification of the Patent for Which Extension Is Being 
Sought (1.740(a)(6)] 

The complete identification of the patent for which a term extension is being 
sought is as follows: 

Inventors: Peter Francis Daniel 

Patent No.: 7,138,262 Bl 

Filing Date: August 1 8, 2000 

Issue Date: November 2 1 , 2006 

Expiration Date: August 18, 2020 

(7) Copies of the Patent for Which an Extension is Being Sought 
11.740(a)(7)] 

A copy of U.S. Patent No.: 7,138,262 Bl is provided as Attachment D. 

(8) Copies of Disclaimers, Certificates of Correction, Receipt of 
Maintenance Fee Payments, or Reexamination Certificate [1.740(a)(8)] 

(a) U.S. Patent No.: 7,138,262 Bl is not subject to a terminal disclaimer. 

(b) No certificate of correction has been issued for U.S. Patent No.: 7,138,262 Bl. 

(c) The first maintenance fee for U.S. Patent No.: 7,138,262 Bl will be due with 
a payment of the surcharge on May 22, 2010. This maintenance fee has been paid as 
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Inventors: Peter Francis Daniel 
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Inc. 

Title: HIGH MANNOSE PROTEINS AND METHODS OF MAKING HIGH 
MANNOSE PROTEINS 

shown in the copy of the USPTO's on-line record of patent maintenance fee payment for 
this patent which is attached (Attachment E). 

(d) U.S. Patent No.: 7,138,262 Bl has not been the subject of a reexamination 
proceeding. 

(9) Statement Regarding Patent Claims Relative to Approved Product 
[1.740(a)(9)] 

The following claims of U.S. Patent No. 7,138,262 Bl claim a method of 
manufacturing the approved product, VPRIV™: claims 1-4, 12-18, 23, 26-38, 48-54, and 

c <n r i 
J/-U1. 

(iii) Pursuant to M.P.E.P. § 2753 and 37 C.F.R. § 1 .740(a)(9)(iii), the following 
explanation is provided which demonstrates the manner in which at least one such patent 
claim reads on the method of manufacturing the approved product, VPRIV™. 

Description of the approved product and the method of manufacturing the same: 

Velaglucerase alfa for injection is human P-glucocerebrosidase produced by gene- 
activation in immortalized human fibroblast HT-1080 cells. Gene activation refers to the 
introduction of an exogenous promoter into the cell that activates the endogenous human 
p-glucocerebrosidase gene. The activated gene expresses human p-glucocerebrosidase. 
P-glucocerebrosidase has 5 potential N-linked glycosylation sites, four of which are 
occupied by glycan chains in velaglucerase alfa for injection. 

Glycosylation of velaglucerase alfa for injection is altered by culturing the cells in 
the presence of kifunensine, a mannosidase I inhibitor, at 2 |ig/ml. This results in the 
secretion of human P-glucocerebrosidase containing primarily high-mannose type glycan 
chains having 6-9 mannose units per glycan chain. The cells are cultured under 
conditions wherein: 
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the mannosidase inhibitor prevents removal of one or more a 1 ,2 mannose 
residue(s) distal to the pentasaccharide core; the removal of one or more mannose 
residues distal to the pentasaccharide core is prevented on at least two carbohydrate 
chains of hmGCB; at least 60% of the high mannose glucocerebrosidase (hmGCB) of the 
preparation have three or more carbohydrate chains in which the removal of one or more 
mannose residues distal to the pentasaccharide core has been prevented; at least about 
60% of the hmGCB of the preparation have one or more carbohydrate chains having at 
least eight mannose residues; the mannosidase inhibitor further prevents the removal of 
one al,3 mannose residue distal to the pentasaccharide core; the mannosidase inhibitor 
further prevents the removal of one a 1,6 mannose residue distal to the pentasaccharide 
core; the mannosidase inhibitor prevents removal of at least three mannose residues distal 
to the pentasaccharide core of the precursor oligosaccharide of GCB; at least 60% of the 
hmGCB of the preparation have one or more carbohydrate chains in which the removal of 
three or more mannose residues distal to the pentasaccharide core has been prevented; at 
least 60% of the hmGCB of the preparation have one or more carbohydrate chains having 
at least eight mannose residues; and at least about 80% or more of the carbohydrate 
chains of the hmGCB preparation have six or more mannose residues. 

Velaglucerase alfa for injection is harvested from media in which the cells are 
cultured. 

Velaglucerase alfa for injection is secreted as a monomelic glycoprotein of 
approximately 63 kDa and is composed of 497 amino acids with a sequence identical to 
the natural human protein. The amino acid sequence of velaglucerase alfa for injection is 
described in Zimran et al. (2007) Blood Cells Mol Dis, 39: 115-11 8. Velaglucerase alfa 
for injection contains 5 potential N-linked glycosylation sites; four of these sites are 
occupied by glycan chains. 
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A summary of the glycan structure, and other aspects of velaglucerase alfa for 
injection, is provided in Brumshtein et al. (2010) Glycobiology 20(l):24-32 as 
Attachment F. See, e.g., Table III, therein. 



As is discussed below, claims 1-4, 12-18, 23, 26-38, 48-54, and 57-61 of U.S. 
Patent No. 7,138,262 Bl read on the method of manufacturing the approved product. 
The claims are set out in the left hand column of the table immediately below. The 
method of manufacturing the approved product is described in the right hand column and 
compared with the claim. As is shown, the approved product meets all of the limitations 
of each of claims 1-4, 12-18, 23, 26-38, 48-54, and 57-61 and claims 1-4, 12-18, 23, 26- 
38, 48-54, and 57-61 cover the method of manufacturing the approved product, 



VPRIV 



TM 



VPRIV™ includes at least two 
glucocerebrosidase (GCB) proteins that 
have at least one carbohydrate chain having 
four or more mannose residues. See, e.g., 
page 24, column 1 of Attachment F, "the 
predominant glycan on velaglucerase alfa 
is a high mannose type, with nine mannose 
residues". See also Table HI and Figures 7 
and 8 of Attachment F. See also the 
description of the approved product and the 
method of manufacturing the same in this 
section (9)(iii). 

VPRIV™ is produced in a human cell line 
that expresses human glucocerebrosidase 
See page 24, column 2 of Attachment F: 
"we have used gene activation in a well 
characterized, continuous human cell line 
to produce gene activated human acid-p- 
glucocerebrosidase (velaglucerase alfa)." 
See also the description of the approved 
product and the method of manufacturing 



1 . A method of producing a preparation of 
high mannose glucocerebrosidase 
(hmGCB) comprising a carbohydrate chain 
having at least four mannose residues, 



comprising: providing a mammalian 
cell that expresses a human 
glucocerebrosidase (GCB); 
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contacting the cell with kifunensine; 
allowing the cell to produce hmGCB; 



and 



harvesting the hmGCB from the cell 
or its culture media, to thereby produce an 
hmGCB preparation. 



the same in this section (9)(iii). 



The human cell line expressing VPRIV™ 
is contacted with kifunensine and the cells 
secrete VPRIV. See page 24, column 2 of 
Attachment F, "glycosylation of 
velaglucerase alfa is altered by using 
kifunensine ... during cell culture, which 
results in the secretion of a protein 
containing predominantly high-mannose 
type glycans" See also the description of 
the approved product and the method of 
manufacturing the same in this section 
(9)(iii). 



VPRIV™ is harvested from the cell culture 
to produce a preparation with at least two 
glucocerebrosidase proteins having at least 
one carbohydrate chain having four or 
more mannose residues. See also the 
description of the approved product and the 
method of manufacturing the same in this 
section (9)(iii). 



Therefore, the method of making VPRIV 
meets all of the limitations of claim 1 and 
the claim covers the method of 
manufacturing the approved product. 



TM 



2. The method of claim 1 , wherein removal 
of one or more al ,2 mannose residue(s) 
distal to the pentasaccharide core is 
prevented. 



As discussed above for claim 1, the method 
of making the approved product meets all 
of the limitations of the base claim. 

VPRIV™ includes at least 2 GCB proteins 
that have one or more mannose residue 
distal to the pentasaccharide core present. 
See the description of the approved product 
and the method of manufacturing the same 
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in this section (9)(iii). 

Therefore, the method of making VPRIV 
meets all of the limitations of claim 2 and 
the claim covers the method of 
manufacturing the approved product. 






3. The method of claim 1, wherein the 
kifunensine is present at a concentration 
between about 0.05 to 20.0 jxg/ml. 


As discussed above for claim 1, the method 
of making the approved product meets all 
of the limitations of the base claim. 

Kifunensine is present at a concentration 

0 O no/ml in tViR mptVinft nf mjiVincr tViP 

. \ t M.>y lilt III Hit/ 1 1 1 1 1 i '„* Li \J I i 1 Id -Iw "11 £^ Lllv 

approved product. See the description of 
the approved product and the method of 
manufacturing the same in this section 
(9)(iii). 

Therefore, themethod of making VPRIV™ 
meets all of the limitations of claim 3 and 
the claim covers the method of 
manufacturing the approved product. 







4. The method of claim 3, wherein the 
kifunensine is present at a concentration 
between about 0.1 to 2.0 ng/ml. 


As discussed above for claims 1 and 3, the 
method of making the approved product 
meets all of the limitations of the base 
claims. 

Kifunensine is present at a concentration of 
2.0 jig/ml in the method of making the 
approved product. See the description of 
the approved product and the method of 
manufacturing the same in this section 
(9)(iii). 

Therefore, the method of making VPRIV™ 
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meets all of the limitations of claim 4 and 
the claim covers the method of making the 
approved product. 







12. The method of claim 1, wherein the 
removal of one or more mannose residues 
distal to the pentasaccharide core is 
prevented on at least two carbohydrate 
chains of hmGCB 

X^l 1. V-*- A X X\J VS 1 111 m. X V/ * -* + 


As discussed above for claim 1 , the method 
of making the approved product meets all 
of the limitations of the base claim. 

Kifiinensine is an inhibitor of endonlasmic 

1 u 1 VfllVllLrlf 1 V M %J X X X-X X X Vj* X V V/ X X. Vll\^\/ L/li4i/llll V 

reticulum mannosidase I and Golgi 
mannosidase I enzymes (see column 23, 
lines 48-51 of the '262 patent) that prevents 
the removal of one or more mannose 
residues distal to the pentasaccharide core, 
(see, e.g., Fig. 7 of Attachment F which 
shows the predominant glycan structure 
present on the GCB in VPRIV™). See 
also the description of the approved 
product and the method of manufacturing 
the same in this section (9)(iii). 

Therefore, the method of making VPRIV™ 
meets all of the limitations of claim 1 2 and 
the claim covers the method of 
manufacturing the approved product. 







13. The method of claim 1 , wherein at least 
60% of the hmGCB of the preparation have 
one or more carbohydrate chains in which 
the removal of one or more mannose 
residues distal to the pentasaccharide core 
has been prevented. 


As discussed above for claim 1, the method 
of making the approved product meets all 
of the limitations of the base claim. 

At least 60% of the hmGCB of the 
preparation have one or more carbohydrate 
chains in which the removal of one or more 
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See the description of the approved product 
and the method of manufacturing the same 
in this section (9)(iii). 

Therefore, the method of making VPRIV™ 
meets all of the limitations of claim 13 and 
the claim covers the method of 
manufacturing the approved product. 






14. The method of claim 13. wherein the 
removal of three or more mannose residues 
distal to the pentasaccharide core has been 
prevented. 


A_s discussed above for claims 1 and 13, the 
method of making the approved product 
meets all of the limitations of the base 
claims. 

Thp rpmoval nf tVirpp nr morp mannn^p 

residues distal to the pentasaccharide core 
has been prevented. See the description of 
the approved product and the method of 
manufacturing the same in this section 
(9)(iii). 

Therefore, the method of making VPRIV™ 
meets all of the limitations of claim 14 and 
the claim covers the method of 
manufacturing the approved product. 







15. The method of claim 1, wherein at least 
about 20% of the hmGCB of the 
preparation have one or more carbohydrate 
chains having at least eight mannose 
residues. 


As discussed above for claim 1, the method 
of making the approved product meets all 
of the limitations of the base claim. 

At least about 20% of the hmGCB of the 
preparation have one or more carbohydrate 
chains having at least eight mannose 
residues. See the description of the 
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approved product and the method of 
manufacturing the same in this section 
(9)(iii). 

Therefore, the method of making VPRIV™ 
meets all of the limitations of claim 15 and 
the claim covers the method of 
manufacturing the approved product. 






16. The method of claim 15, wherein at 
least about 40% of the hmGCB of the 
preparation have one or more carbohydrate 
chains having at least eight mannose 
residues. 


As discussed above for claims 1 and 15, the 
method of making the approved product 
meets all of the limitations of the base 
claim. 

At least about 40% of the hmGCB of the 
nrenaration have one or more carbohvdrate 

chains having at least eight mannose 
residues. See the description of the 
approved product and the method of 
manufacturing the same in this section 
(9)(iii). 

Therefore, the method of making VPRIV™ 
meets all of the limitations of claim 16 and 
the claim covers the method of 
manufacturing the approved product. 



1019686 



12 



In re U.S. Patent No.: 7,1 38,262 Bl Attorney Docket No.: S2071-70I019/0013US 

Issued: November 2 1 , 2006 
Inventors: Peter Francis Daniel 
Assignee: Shire Human Genetic Therapies, 
Inc. 

Title: HIGH MANNOSE PROTEINS AND METHODS OF MAKING HIGH 
MANNOSE PROTEINS 







17. The method of claim 16, wherein at 
least about 60% of the hmGCB of the 
preparation have one or more carbohydrate 
chains having at least eight mannose 
residues. 


As discussed above for claims 1,15 and 
16, the method of making the approved 
product meets all of the limitations of the 
base claims. 

At lpa^t flhnnt 60% nf the hrnGPR of the 

r\l ICdM dUUUl \J\J /O vl lliilvJV^/JJ \J l lilt 

nrenaration have one or more carhohvdrate 
chains having at least eight mannose 
residues. See the description of the 
approved product and the method of 
manufacturing the same in this section 

(9)(iii). 

Therefore, the method of making VPRIV™ 
meets all of the limitations of claim 17 and 
the claim covers the method of 
manufacturing the approved product. 






18. The method of claim 1, wherein at least 
about 80% or more of the carbohydrate 
chains of the hmGCB preparation have six 
or more mannose residues. 


As discussed above for claim 1 , the method 
of making the approved product meets all 
of the limitations of the base claim. 

At least about 80% or more of the 
carbohydrate chains of the hmGCB 
preparation have six or more mannose 
residues. See the description of the 
approved product and the method of 
manufacturing the same in this section 
(9)(iii). 

Therefore, the method of making VPRIV™ 
meets all of the limitations of claim 1 8 and 
the claim covers the method of 
manufacturing the approved product. 
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23. The method of claim 1 , wherein the cell 
comprises an exogenous regulatory 
sequence which functions to regulate 
expression of an endogenous GCB coding 
sequence. 



As discussed above for claim 1 , the method 
of making the approved product meets all 
of the limitations of the base claim. 

VPRIV is produced by a human cell line 
that comprises an exogenous promoter 
sequence to regulate expression of an 
endogenous GCB coding sequence, (see, 
e.g., page 24, column 2 of Attachment F- 
"we have used gene activation in a well- 
characterized, continuous human cell line 
to produce gene activated human acid-P* 
glucocerebrosidase (velaglucerase alfa). 
Gene activation refers to targeted 
recombination with a promoter that 
activates the endogenous GlcCerase gene 
in the selected human cell line." See also 
the description of the approved product and 
the method of manufacturing the same in 
this section (9)(iii). 

Therefore, the method of making VPRIV™ 
meets all of the limitations of claim 23 and 
the claim covers the method of 
manufacturing the approved product. 







26. The method of claim 1 , wherein the cell 
is a human cell. 


As discussed above for claim 1 , the method 
of making the approved product meets all 
of the limitations of the base claim. 

VPRIV is produced by a human cell line. 
See page 24, column 2 of Attachment F - 
"we have used gene activation in a well 
characterized, continuous human cell line 
to produce gene activated human acid-p- 
glucocerebrosidase (velaglucerase alfa)." 
See also the description of the approved 
product and the method of manufacturing 
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the same in this section (9)(iii). 

Therefore, the method of making VPRIV™ 
meets all of the limitations of claim 26 and 
the claim covers the method of 
manufacturing the approved product. 






27. The method of claim 26, wherein the 
cell is a fibroblast or a myoblast. 


As discussed above for claims 1 and 26, the 
method of making the approved product 
meets all of the limitations of the base 
claims. 

VPRIV™ is produced by HT-1080 cells 
which are fibroblasts. See the description 
of the approved product and the method of 
manufacturing the same in this section 
(9)(iii). 

Therefore, the method of making VPRIV 
meets all of the limitations of claim 27 and 
the claim covers the method of 
manufacturing the approved product. 







28. The method of claim 26, wherein the 
cell is an immortalized cell. 


As discussed above for claims 1, 26 and 
27, the method of making the approved 
product meets all of the limitations of the 
base claims. 

VPRIV™ is produced by an immortalized 
cell. See also the description of the 
approved product and the method of 
manufacturing the same in this section 
(9)(iii). 

Therefore, the method of making VPRIV™ 
meets all of the limitations of claim 28 and 
the claim covers the method of making the 
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approved product. 






29. The method of claim 27, wherein the 
cell is an HT-1080 cell. 


As discussed above for claims 1, 26, 27 
and 28, the method of making the approved 
product meets all of the limitations of the 
base claims. 

VPRIV™ is produced by HT-1080 cells. 
See the description of the approved product 
and the method of manufacturing the same 
in this section (9)(iii). 

Therefore, the method of making VPRIV™ 
meets all of the limitations of claim 29 and 
the claim covers the method of 
manufacturing the approved product. 






30. The method of claim 1, wherein the cell 
is contacted with kifunensine in culture 
media. 


As discussed above for claim 1, the method 
of making the approved product meets all 
of the limitations of the base claim. 

VPRIV™ is produced by contacting the 
cells expressing hGCB with kifunensine in 
cell culture. See page 24, column 2 of 
Attachment F, "glycosylation of 
velaglucerase alfa is altered by using 
kifunensine ... during cell culture, which 
results in the secretion of a protein 
containing predominantly high-mannose 
type glycans." See also the description of 
the approved product and the method of 
manufacturing the same in this section 
(9)(iii). 

Therefore, the method of making VPRIV™ 
meets all of the limitations of claim 30 and 
the claim covers the method of 
manufacturing the approved product. 
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31. The method of claim 30, wherein the 
hmGCB is obtained from the media in 
which the cell is cultured. 


As discussed above for claims 1 and 30, the 
method of making the approved product 
meets all of the limitations of the base 
claims. 

vrivi v ij> ooiaincQ irom ine media in 
which the human cell line is cultured. See 
the description of the approved product and 
the method of manufacturing the same in 
this section (9)(iii). 

Therefore, the method of making VPRIV™ 
meets all of the limitations of claim 3 1 and 
the claim covers the method of 
manufacturing the approved product. 



1019686 
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32. A method of producing a preparation of 
high mannose glucocerebrosidase 
(hmGCB) comprising a carbohydrate chain 
having at least four mannose residues, the 
method comprising: 



providing a human cell into which a 
nucleic acid sequence comprising an 
exogenous regulatory sequence has been 
introduced such that the regulatory 
sequence is operably linked to, and 
regulates the expression of, an endogenous 
GCB coding region; 



contacting the cell with a class 1 
mannosidase inhibitor such that the 
removal of at least one mannose residue 
distal to the pentasaccharide core of a 
precursor oligosaccharide of GCB is 
prevented; and allowing the cell to produce 
hmGCB, to thereby produce an hmGCB 
preparation. 



VPRIV ,M includes at least two 
glucocerebrosidase (GCB) proteins having 
at least one carbohydrate chain having four 
or more mannose residues. See, e.g., page 
24, column 1 of Attachment F, "the 
predominant glycan on velaglucerase alfa 
is a high mannose type, with nine mannose 
residues". See also Table III and Figures 7 
and 8 of Attachment F. See also the 
description of the approved product and the 
method of manufacturing the same in this 



section (9)(iii). 



T1VI 

VPRIV is produced by a human cell that 
includes an exogenous promoter sequence 
to regulate expression of an endogenous 
GCB coding sequence, (see, e.g., page 24, 
column 2 of Attachment F-"we have used 
gene activation in a well-characterized, 
continuous human cell line to produce gene 
activated human acid-p-glucocerebrosidase 
(velaglucerase alfa). Gene activation refers 
to targeted recombination with a promoter 
that activates the endogenous GlcCerase 
gene in the selected human cell line." See 
also the description of the approved 
product and the method of manufacturing 
the same in this section (9)(iii). 



VPRIV™ is produced by contacting the 
cells expressing hGCB with kifunensine, 
which is a class 1 mannosidase inhibitor, in 
cell culture. See page 24, column 2 of 
Attachment F, "glycosylation of 
velaglucerase alfa is altered by using 
kifunensine ... during cell culture, which 
results in the secretion of a protein 



18 



1019686 



In re U.S. Patent No.: 7,1 38,262 Bl Attorney Docket No.: S2071-701019/0013US 

Issued: November 2 1 , 2006 
Inventors: Peter Francis Daniel 
Assignee: Shire Human Genetic Therapies, 
Inc. 

Title: HIGH MANNOSE PROTEINS AND METHODS OF MAKING HIGH 
MANNOSE PROTEINS 





containing predominantly high-mannose 
type glycans". VPRIV™ includes at least 
2 GCB proteins having at least one 
carbohydrate chain with at least one 
mannose residue distal to the 
pentasaccharide core, e.g., the GCB 

rpsifhif*^ Spf* p p Tflhlp III nf Att^rhmpnt 

F. See also the description of the approved 
product and the method of manufacturing 
the same in this section (9)(iii). 

Therefore, the method of making VPRIV™ 
meets all of the limitations of claim 32 and 
the claim covers the method of 
manufacturing the approved product. 






33. The method of claim 32, wherein the 
mannosidase inhibitor prevents the removal 
of one or more al ,2 mannose residue(s) 
distal to the pentasaccharide core. 


As discussed above for claim 32, the 
method of making the approved product 
meets all of the limitations of the base 
claim. 

The mannosidase inhibitor prevents the 
removal of one or more a 1,2 mannose 
residue(s) distal to the pentasaccharide 
core. See the description of the approved 
product and the method of manufacturing 
the same in this section (9)(iii). 

Therefore, the method of making VPRIV™ 
meets all of the limitations of claim 33 and 
the claim covers the method of 
manufacturing the approved product. 







34. The method of claim 32, wherein the 
mannosidase inhibitor further prevents the 


As discussed above for claim 32, the 
method of making the approved product 
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removal of one a 1,3 mannose residue distal 
to the pentasaccharide core. 


meets all of the limitations of the base 
claim. 

The mannosidase inhibitor further prevents 

trie remnvnl nf nnp a 1 m^ntinQP rp^iHne 
Hiatal to the nentasacchariHe rnrp Spp the 

UlOlCIl VKJ 1111/ jJV^llluotll'V^llCU IUU V/vJl V~>- OW 11 IV 

description of the approved product and the 
method of manufacturing the same in this 
section (9)(iii). 

Therefore, the method of making VPRIV™ 
meets all of the limitations of claim 34 and 
the claim covers the method of 
manufacturing the approved product. 






35. The method of claim 32, wherein the 
mannosidase inhibitor further prevents the 
removal of one al ,6 mannose residue distal 
to the pentasaccharide core. 


As discussed above for claim 32, the 
method of making the approved product 
meets all of the limitations of the base 
claim. 

The mannosidase inhibitor further prevents 

the rpmnvjil nf* nnp n 1 ft mflnnnQP resirhie 

IX1V' IViilUVtil \J 1 V/ll \JL 1 ,\J 11 ICllLllUOl/ 

distal to the pentasaccharide core See the 
description of the approved product and the 
method of manufacturing the same in this 
section (9)(iii). 

Therefore, the method of making VPRIV™ 
meets all of the limitations of claim 35 and 
the claim covers the method of 
manufacturing the approved product. 






36. The method of claim 32, wherein the 
class 1 processing mannosidase inhibitor is 
kifunensine. 


As discussed above for claim 32, the 
method of making the approved product 
meets all of the limitations of the base 
claim. 
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VPRIV™ is produced by contacting the 
cells expressing hGCB with kifunensine in 
cell culture. See page 24, column 2 of 
Attachment F, "glycosylation of 
velaglucerase alfa is altered by using 
kifunensine ... during cell culture, which 
results in the secretion of a protein 
containing nredominantlv hieh-mannose 
tvoe elvcans" See also the description of 
the approved product and the method of 
manufacturing the same in this section 
(9)(iii). 

Therefore, the method of making VPRIV™ 
meets all of the limitations of claim 36 and 
the claim covers the method of 
manufacturing the approved product. 






37. The method of claim 36, wherein the 
kifunensine is present at a concentration 
between about 0.05 to 20.0 ng/ml. 


As discussed above for claims 32 and 36, 
the method of making the approved 
product meets all of the limitations of the 
base claims. 

Kifunensine is present at a concentration 
2.0 (ig/ml in the method of making the 
approved product. See the description of 
the approved product and the method of 
manufacturing the same in this section 
(9)(iii). 

Therefore, the method of making VPRIV™ 
meets all of the limitations of claim 37 and 
the claim covers the method of 
manufacturing the approved product. 
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38. The method of claim 37, wherein the 
kifunensine is present at a concentration 
between about 0.1 to 2.0 jig/ml. 


As discussed above for claims 32, 36 and 
37, the method of making the approved 
product meets all of the limitations of the 
base claims. 

Kifunensine is present at a concentration 
2.0 jig/ml in the method of making the 
approved product. See the description of 
the approved product and the method of 
manufacturing the same in this section 
(9)(iii). 

Therefore, the method of making VPRIV™ 
meets all of the limitations of claim 38 and 
the claim covers the method of 
manufacturing the approved product. 







48. The method of claim 32, wherein the 
mannosidase inhibitor prevents removal of 
at least three mannose residues distal to the 
pentasaccharide core of the precursor 
oligosaccharide of GCB. 


As discussed above for claim 32, the 
method of making the approved product 
meets all of the limitations of the base 
claim. 

Kifunensine is an inhibitor of endoplasmic 
reticulum mannosidase I and Golgi 
mannosidase I enzymes (see column 23, 
lines 48-51 of the '262 patent) that prevents 
the removal of three or more mannose 
residues distal to the pentasaccharide core, 
(see, e.g., Fig. 7 of Attachment F which 
shows the predominant glycan structure 
present on the GCB in VPRIV™). See 
also the description of the approved 
product and the method of manufacturing 
the same in this section (9)(iii). 
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Therefore, the method of making VPRIV™ 
meets all of the limitations of claim 48 and 
the claim covers the method of 
manufacturing the approved product. 






49. The method of claim 32, wherein the 
mannosidase inhibitor prevents removal of 
one or more mannose residues distal to the 
pentasaccharide core on at least two of the 
carbohydrate chains of hmGCB. 


As discussed above for claim 32, the 
method of making the approved product 
meets all of the limitations of the base 
claim. 

Kifunensine is an inhibitor of endoplasmic 
reticulum mannosidase I and Golgi 
mannosidase I enzymes (see column 23, 
lines 48-51 of the '262 patent) that prevents 
the removal of one or more mannose 
residues distal to the pentasaccharide core. 
( see e & Fii? 7 of Attachment F which 
shows the predominant glycan structure 
present on the GCB in VPRIV™) See 
also the description of the approved 
product and the method of manufacturing 
the same in this section (9)(iii). 

Therefore, the method of making VPRIV™ 
meets all of the limitations of claim 49 and 
the claim covers the method of 
manufacturing the approved product. 






50. The method of claim 32, wherein at 
least 60% of the hmGCB of the preparation 
have one or more carbohydrate chains in 
which the removal of three or more 
mannose residues distal to the 
pentasaccharide core has been prevented. 


As discussed above for claim 32, the 
method of making the approved product 
meets all of the limitations of the base 
claim. 

At least 60% of the hmGCB of the 
preparation have one or more carbohydrate 
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chains in which the removal of three or 
more mannose residues distal to the 
pentasaccharide core has been prevented. 
See the description of the approved product 
and the method of manufacturing the same 
in this section (9)(iii). 



Therefore, the method of making VPRIV 
meets all of the limitations of claim 50 and 
the claim covers the method of 
manufacturing the approved product. 







51. The method of claim 32, wherein at 
least 20% of the hmGCB of the preparation 
have one or more carbohydrate chains 
having at least eight mannose residues. 


As discussed above for claim 32, the 
method of making the approved product 
meets all of the limitations of the base 
claim. 

At least 20% of the hmGCB of the 
preparation have one or more carbohydrate 
chains having at least eight mannose 
residues. See the description of the 
approved product and the method of 
manufacturing the same in this section 
(9)(iii). 

Therefore, the method of making VPRIV™ 
meets all of the limitations of claim 51 and 
the claim covers the method of 
manufacturing the approved product. 






52. The method of claim 51, wherein at 
least 40% of the hmGCB of the preparation 
have one or more carbohydrate chains 
having at least eight mannose residues. 


As discussed above for claims 32 and 51, 
the method of making the approved 
product meets all of the limitations of the 
base claims. 
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At least 40% of the hmGCB of the 
preparation have one or more carbohydrate 
chains having at least eight mannose 
residues. See the description of the 
approved product and the method of 
manufacturing the same in this section 
(9)(iii). 

Therefore, the method of making VPRIV™ 
meets all of the limitations of claim 52 and 
the claim covers the method of 
manufacturing the approved product. 







53. The method of claim 52, wherein at 
least 60% of the hmGCB of the preparation 
have one or more carbohydrate chains 
having at least eight mannose residues. 


As discussed above for claims 32, 51 and 
52, the method of making the approved 
product meets all of the limitations of the 
base claims. 

At least 60% of the hmGCB of the 
preparation have one or more carbohydrate 
chains having at least eight mannose 
residues. See the description of the 
approved product and the method of 
manufacturing the same in this section 
(9Xiii). 

TTNvl 

Therefore, the method of making VPRIV 
meets all of the limitations of claim 53 and 
the claim covers the method of 
manufacturing the approved product. 






54. The method of claim 32, wherein at 
least about 80% or more of the 
carbohydrate chains of the hmGCB 
preparation have six or more mannose 
residues. 


As discussed above for claim 32, the 
method of making the approved product 
meets all of the limitations of the base 
claim. 

At least about 80% or more of the 
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carbohydrate chains of the hmGCB 
preparation have six or more mannose 
residues. See the description of the 
approved product and the method of 
manufacturing the same in this section 
(9)(iii). 

Therefore, the method of making VPRIV 
meets all of the limitations of claim 54 and 
the claim covers the method of 
manufacturing the approved product. 







57. The method of claim 32. wherein the 
cell is a fibroblast or a myoblast. 


As discussed above for claim 32, the 
method of making the approved product 
meets all of the limitations of the base 
claim. 

VPRIV™ is produced by an HT-1080 cell 
line, which is a fibroblast. See the 
description of the approved product and the 
method of manufacturing the same in this 
section (9)(iii). 

Therefore, the method of making VPRIV™ 
meets all of the limitations of claim 57 and 
the claim covers the method of 
manufacturing the approved product. 






58. The method of claim 32, wherein the 
cell is an immortalized cell. 


As discussed above for claim 32, the 
method of making the approved product 
meets all of the limitations of the base 
claim. 

VPRIV is produced by an immortalized 
cell. See the description of the approved 
product and the method of manufacturing 
the same in this section (9)(iii). 
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Therefore, the method of making VPRIV ,fV 
meets all of the limitations of claim 58 and 
the claim covers the method of making the 
approved product. 







59. The method of claim 58, wherein the 
cell is an HT-1080 cell. 


As discussed above for claims 32 and 58, 
the method of making the approved 
product meets all of the limitations of the 
base claims. 

VPRIV™ is produced by an HT-1080 cell 
line. See the description of the approved 
product and the method of manufacturing 
the same in this section (9)(iii). 

Therefore, the method of making VPRIV™ 
meets all of the limitations of claim 59 and 
the claim covers the method of 
manufacturing the approved product. 
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60. The method of claim 36, wherein the 
cell is contacted with kifunensine in culture 
media. 


As discussed above for claims 32 and 36, 
the method of making the approved 
product meets all of the limitations of the 
base claims. 

VPRIV is produced by contacting the 
cells expressing hGCB with kifunensine in 
cell culture. See page 24, column 2 of 
Attachment F, "glycosylation of 
velaglucerase alfa is altered by using 
kifunensine durini? cell culture which 
results in the secretion of a nrot^in 
containing predominantly high-mannose 
type gl yeans" See also the description of 
the approved product and the method of 
manufacturing the same in this section 
(9)(iii). 

Therefore, the method of making VPRIV™ 
meets all of the limitations of claim 60 and 
the claim covers the method of 
manufacturing the approved product. 






61 . The method of claim 60, wherein the 
hmGCB is obtained from the media in 
which the cell is cultured. 


As discussed above for claims 32, 36, and 
60, the method of making the approved 
product meets all of the limitations of the 
base claims. 

VPRIV™ is obtained from the media that 
the cell line is cultured. See the description 
of the approved product and the method of 
manufacturing the same in this section 
(9)(iii). 

Therefore, the method of making VPRIV™ 
meets all of the limitations of claim 61 and 
the claim covers the method of 
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manufacturing the approved product. 
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(10) Relevant Dates Under 35 U.S.C. § 156 for Determination of 
Applicable Regulatory Review Period [1.740(a)(10)J 

The relevant dates and information pursuant to 35 U.S.C. § 156(g) to enable the 
Secretary of Health and Human Services to determine the applicable regulatory review 
period are as follows: 

Patent Issue Date: 

U.S. Patent No. 7,138,262 Bl issued on November 21, 2006. 

(i)(A) IND Effective Date and IND number [35 U.S. C. §156(g)(l)(B)(i); 3 7 
C.F.R. §L740(a)(10)(i)(A)J 

The effective date of IND 61 ,220 was May 20, 2004. 

An IND was by submitted by Transkaryotic Therapies, Inc. to FDA and received 
by FDA on December 3 1 , 2003. It was assigned number IND 61 ,220. A copy of the 
letter from FDA to Transkaryotic Therapies, Inc., dated January 12, 2004, providing the 
IND number and showing the date of receipt by FDA of the IND is provided in 
Attachment G. On January 28, 2004, FDA notified Transkaryotic Therapies, Inc. that a 
modification to the protocol was necessary. A written record of the discussion is 
# provided in Attachment Gl . Transkaryotic Therapies, Inc submitted an amendment to 
the protocol on March 11, 2004, see letter from Transkaryotic Therapies, Inc. to FDA, 
dated March 11, 2004, concerning amendment of protocol, provided in Attachment G2. 
On May 20, 2004, FDA notified Transkaryotic Therapies, Inc. that it could proceed, see 
FDA communication to Transkaryotic Therapies, Inc. dated May 20, 2004, concerning 
amendment to protocol, a copy of which is provided in Attachment G3. 

On November 20, 2006, FDA notified Shire Human Genetics Therapies, Inc. that 

IND 61,220 was on clinical hold. A copy of the letter from the FDA to Shire Human 

Genetics Therapies, Inc. showing the date the FDA notified Shire Human Genetics 
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Therapies, Inc. of the clinical hold is provided as Attachment H. The FDA removed the 
clinical hold on December 21 , 2006. A copy of the letter dated December 21, 2006 from 
the FDA to Shire Human Genetics Therapies, Inc. indicating that the hold had been 
removed and the protocol could be initiated is provided as Attachment I. 

Thus, as set out above, the date that an exemption under §505(i) of the Federal 
Food, Drug and Cosmetic Act became effective (i.e., the date that an investigational new 
drug application (IND) became effective for VPRIV™) was May 20, 2004. 

(i)(B) NDA Submission Date [35 U.S.C §156(g)(l)(B)(i); 37 C.KR. 
§L 740(a) (10)(i)(B) ] The NDA was submitted on a rolling basis. The initial portion of 
the NDA was submitted by Shire Human Genetic Therapies, Inc. to the FDA on July 30, 
2009. The final portion was submitted on August 31, 2009. This date is used in the 
calculations provided herein. The NDA was assigned number NDA 22575. A copy of a 
letter from FDA to Shire Human Genetic Therapies, Inc., dated September 14, 2009, 
acknowledging receipt of the final submission of the NDA application is provided as 
Attachment J. 

(i)(C) NDA Approval Date f 35 U.S.C §156(g)(l)(B)(ii); 37 C.F.R. 
§L740(a)(10)(i)(C)J 

The FDA approved NDA 22575 authorizing the marketing of VPRIV™ on 
February 26, 2010. VPRIV™ was approved under the Department of Health and Human 
Services (DHHS). A copy of the approval letter from FDA to Shire Human Genetic 
Therapies, Inc., dated February 26, 2009 is provided as Attachment C. 
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(1 1) Summary of Significant Events During Regulatory Review Period 
[1.740(a)(ll)] 

A brief description of the significant activities undertaken by the marketing 
applicant during the applicable regulatory review period with respect to VPRIV™ and 
the dates applicable to these significant activities are set forth in a chronology of events 
provided below. 



Date 


IND or NDA I Other | Description 

-applicable) • J-'". ; : " . v'" 8 - "v.'' 


06 April 
2001 


| Pre-IND Teleconference Request 


18 Nov. 


| Pre-IND Meeting 


30 Dec. 
2003 


IND 61,220 Serial j j Submission of Original IND (including general 
000 1 | information on Gaucher disease, nonclinical data. 

I manufacturing info., and Phase I/II study - TKT025 New 

j Protocol and IB). 


19 Jan. 
2004 


1 FDA letter j FDA Correspondence: Acknowledgement of Receipt of 
! IND and assignment of IND number 

. — i j. O. ™ , , 


28 Jan 
2004 


j TCR j FDA Medical Officer request protocol amendment as 
| Contact | discussed at the Pre-IND meeting. 
| Report j 


28 Jan 
2004 


IND 61,220 Serial j 1 Response to email dated 13 Jan. 2004 containing questions 
001 | | on clarification of age, inclusion criteria, and genotyping. 


1 1 Mar. 
2004 


IND 61,220 Serial 
002 


I Protocol Amendment: Amendment 2 of Clinical Protocol 
I TKT025 


07 April 
2004 


IND 61,220 Serial 
003 




Protocol Amendment: New Investigator for TKT025 and 
Blinding procedures used in TKT025. 


20 May 
2004 




TCR 

Contact 

Report 


FDA Medical Officer says it's safe to proceed with the 
blinding procedure as amended in Serial 003 dated 07 
April 2004 for Study TKT025. 


25 Aug. 
2004 




FDA letter 


Re: Completion of IND Preclinical Pharm/Tox review and 
comments/recommendations 


02 Nov. 
2004 


IND 61,220 Serial 
007 




Protocol Amendment: TKT025 Protocol Amendment 4 
and New Protocol TKT025EXT 


24 Nov. 
2004 


IND 61,220 Serial 
008 




Information Amendment: Comparability Protocol - 
comprehensive plan for evaluating changes to 
manufacturing process for drug substance (switch from 3x 
30L Bioreactor to 100 L Bioreactor). 


06 Apr. 


IND 61,220 Serial 




Information Amendment: Pharm/Tox: Final Study 
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Date 


f IND or NDA 

SeriaiI No X?f 
applicable) 


Other 
Contact ; 


Description 


2005 


! 017 I 


\ Reoorts" Rat & Monkev 6-Month fox studies 


04 Nov. 
2005 


| IND 61,220 Serial 

| 023 


, 


Type B Meeting (End of Phase II) Request 


12 Dec. 
2005 


I IND 61,220 Serial 
I 024 




U.MU UI rilddC XI DIJClIllg, L/ULUillCIIl 


09 Jan. i 
2006 


FDA Fax 


FDA responses to EOP II Meeting questions 


11 Jan. 
2006 






End of Phase II Meeting 


07 Feb. 
2006 




j FDA letter 


Official FDA Minutes from EOPII meeting 1 1 Jan. 2006 


30 Mar. 
2006 


I IND 61,220 Serial 
1 029 




Information Amendment: CMC: Manufacturing process 
modifications: switch from 3x 30L to 500 L scale up (AFi 
process). 


12 April 
2006 


! IND 61,220 Serial 
| 030 




lnioiiiidiiun /Ajnenameni. rnarin/iox. supporuve 
information to justify Nonclinical Development 
Program and request for teleconference 


02 May 
2006 


IND 61,220 Serial 
031 





i ypc r\ ivicciiug ivequcoi 10 ciiscuss adequacy oi 
nonclinical development program to initiate P3 studies and 
support a NDA. 


18 May 
2006 


: IND 61,220 Serial 
032 




x ypc v_, iviccuiig uii 10 juiic r iidiiii/ iua oricLing 
Package 


1 5 June 
2006 


, 


FDA Fax 


r ur\ i^uuespuiiuciicc. io June zuuo icicconicrcncc noi 
necessary, based on FDA'S initial responses to questions. 


23 June 
2006 




FDA letter 


run v^uncopuiiuciiuc. v^oiiirncnis dnu request lor 
additional information, re: amendment dated 1 2 April 
2006 IND Serial 010 


12 July 
2006 


| FDA letter 


FDA Correspondence: Acknowledgement of Shire's 

uv^ioiuii i\j atocpi i yj i\ o wiiiicii i CoiJUiisco xix iicu \ji 

meeting. 


28 July 
2006 


IND 61,220 Serial ! 
034 


Information Amendment: Pharm/Tox: Responses to FDA 
comments and requests to 23 June fax, rat and rabbit 
studies. 


03 Aug. 
2006 


IND 61,220 Serial | 
035 


Information Amendment: CMC: Description and 
comparability data of AFI process material 


22 Sept. 
2006 


IND 61,220 Serial | 

037 | 


Protocol Amendment: New Protocol, Phase 2/3 Clinical 
Protocol TKT032 


16 Nov. 
2006 


IND 61,220 Serial ! 
039 




Protocol Amendment: New Protocol, Phase 3 Clinical 
Protocol TKT034 


20 Nov. 
2006 




TCR 

Contact 

Report 


Teleconference: IND put on clinical hold over concerns 
about product comparability. 


28 Nov. 




FDA Fax 


FDA Correspondence: Full Clinical Hold Letter 
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Date 


INDorNDA 1 Other 
Serial No/ (if | Contact 
applicable) 


Description 


2006 






28 Nov 
2006 


IND 61 220 
Serial 040 


Tvnp A IVIpctinP Refluent r^nnn^ to Clinical Hold 


70 Nnv 

2006 


i TCR 
! Contact 
i Renort 


T (±f f\n f prpnrp* rpcnnncp tf\ 1TF1A rntippftic t*pln finer in 
l cici, i/iii ci cutCi i UU3C in ri//\ iuiuci 119 icictuug iu 

DS comparability resulting in Full Clinical Hold. 


30 Nov. 
2006 


IND 61,220 Serial | 
041 1 


Complete Response to Full Clinical Hold Letter relating to 
DS romnarahilitv 

M~J*J \*>\J lltlJCll (X\J III*, y . 


30 Nov. 
2006 


IND 61,220 Serial j 
042 


Request for Partial Waiver of the Full Clinical Hold. 


01 Dec. 
2006 


| TCR 

("^ontart 

\ ReDort 

— i * 


Teleconference: FDA agrees to move the Full Clinical 

Hrtlrl tf\ a nartial hnld affpr* rpvtpu'prl Shirp'^ rpcnnncp 

AllslU IV a Hill lIvMU allCl 1 CVICttCU Ollll C a I C9|JUI19v« 


2006 


^ FDA letter 


FT) A CfirrpcnnndPTirp* Partial f^liniral Hold TiPttfr 

M. L/rl V^vfl ■ vjUUIlUvllLv* Jl ill 11411 \_-lliIl\-<lI 11V1U iJvllCI 


12 Dec 
2006 


IND 61,220 Serial 1 
043 


Resnonse to Clinical/Statistical non-hold issues raised in 
full Clinical Hold Letter (Study TKT032) 


14 Dec. 
2006 


IND 61,220 Serial 1 
044 


Protocol Amendment for Study TKT025EXT 


21 Dec. 
2006 


1 FDA letter 


FDA Correspondence: Removal of Partial Clinical Hold 
Note: all clinical issues have been resolved. 


26 Feb. 
2007 


IND 61,220 Serial j 
047 


Protocol Amendment: New Protocol HGT-GCB-039 and 
New Investigator for TKT032 


04 Sept. 
2007 


| FDA letter 


FDA Correspondence: Request for Information- Study 
TKT034 


24 Sept. 
2007 


IND 61,220 Serial | 
055 


Response to FDA request for Information-Study TKT032 


10 Dec. 
2007 


IND 61,220 Serial 
057 




Response to FDA Request for Information-Study TKT034 


1 1 Dec. 
2007 


IND 61,220 Serial | 
058 


Information Amendment: Comparability Protocol for drug 
substance cell culture scale-up (AF2) vs. AF1 process 


19 Dec 
2007 


IND 61,220 Serial | 
060 


Protocol Amendment: New Protocol HGT-GCB-044 
(Extension study for TKT032, TKT034 and HGT- 
GCB-039). 


03 Sept, 
2008 


IND 61,220 Serial | 
070 | 


Information Amendment: Description and comparability 
data of AF2 process material 


06 Oct. 
2008 


IND 61,220 Serial 1 
072 


Information Amendment: Description and comparability 
data of 200 U/vial presentation 


30 April 
2009 




Request for Orphan Drug Designation to FDA OOPD 


08 June 
2009 


IND 61,220 Serial | 
081 | 


Type B Meeting Request: Pre-NDA Meeting 


08 June 
2009 




FDA 
OOPD 


FDA OOPD Correspondence: Orphan Drug Designation 
Granted, US ODD #09-2835 
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Date 


I IND or NDA 
j Serial No. (if 
applicable) 


Other 
Contact 


Description 






letter 




30 June 1 IND 61,220 Serial 
2009 j 082 




Submission of Treatment Protocol HGT-GCB-058 


30 June t IND 61,220 Serial 
2009 i 083 




Request for Fast Track Designation 


01 July 
2009 


L . » ™ 


FDA letter 


FDA Correspondence: Type B Pre-NDA meeting 
Granted on 10 August, 2009 


08 July 
2009 


: 
: 


FDA letter 


FDA Correspondence: Acknowledgement of Fast Track 
designation Request 


15 July 
2009 


' 

. 


FDA letter 


FDA Correspondence: Fast Track Designation Granted 


23 July 
2009 




TCR ! Plans for rolling NDA for velaglucerase alfa 

1 Contact 
Report 


27 July 
2009 


IND 61,220 
Serial 088 




Request for Submission of Portions of an NDA 
Application 


29 July 
2009 




WHO 

Collaborate 
g Centre for 
Drug 
Statistics 
Methodology 


ATC application for velaglucerase alfa (Ref: 09/1527- 
2/EPLI/TUGR). 

ATC Proposed Code: A16AB10 velaglucerase alfa. 


30 July 
2009 




FDA letter 


FDA Correspondence: Acknowledgement to Proceed 
with Treatment Protocol HGT-GCB-058 


30 July 
2009 


NDA 022575, 
Sequence 0000 




Submission of 1 st wave Rolling NDA, including M3 
(complete), M4 (complete), M5 (partial). 
And request for Priority Review of NDA 


08 Aug. 
2009 




FDA Fax 


FDA Correspondence: FDA preliminary response for Pre- 
NDA Meeting Briefing Package 


10 Aug. 
2009 






Pre-NDA Meeting 


31 Aug. 
2009 


NDA 022575, 
Sequence 0001 




Submission of 2 nd wave of Rolling NDA, including Ml, 
M2 (complete), M3 (update), M5 (complete). 


14 Sept. 
2009 




FDA 

email, fax, 
letter 


FDA Correspondence: FDA Acknowledgement Letter of 
NDA Submission 


22 Sept. 
2009 


NDA 022575, 
Sequence 0003 




Request for Proprietary Name Review 


01 Oct. 
2009 


NDA 022575, 
Sequence 0005 




Trade Name Request -Labeling Supplement 


30 Oct. 
2009 




FDA letter 


FDA Correspondence: Filing Communication - Priority 
Review Granted, and a list of review questions 
included. 


03 Nov. 
2009 


NDA 022575, 
Sequence 001 1 




Location of data to support Orphan Drug Designation 


19 Nov. 




FDA Fax 


Request Clinical Information 
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Date 


IND or NDA 
1 Serial No. (if 
applicable) 


Other 
| Contact 


/ Description '■■^^ 


2009 




20 Nov. 
2009 | 

! 


I FDA 
1 Email 
String 


FDA Inspection Announcement Letters - 2 sites 
Inspections (Dec 6-10, 14-18, 2009) 


20 Nov. | NDA 022575, 
2009 j Sequence 0012 




Partial Response to Request for Information: FDA 
Questions dated 30 Oct. 2009 


01 Dec. 
2009 


NDA 022575, 
Sequence 0013 




3 Month Safety Update 


04 Dec. 
2009 




Email 
1 String 


FDA BIMO Visit to Shire HGT LTP Site (Dec 08, 
i 2009) 


04 Dec. 
2009 


! NDA 022575, 
: Sequence 0014 


Complete Response to Request for Information: FDA 
Questions dated 30 Oct. 2009 and 19 Nov. 2009 


1 1 Dec. 
2009 


| FDA Fax 


Request CMC, Clinical Information 


16 Dec. 
2009 


| FDA letter j Proprietary name request : Conditional acceptance 


18 Dec. 
2009 


NDA 022575, 
Sequence 0016 


Response to Request for Information: FDA letter dated 1 1 
Dec. 2009 (CMC) 


22 Dec. 
2009 


NDA 022575, 
Sequence 00 1 7 




Stability update (drug substance and drug product) 


31 Dec. 
2009 


NDA 022575, 
Sequence 0018 




Response to Request for Information: Quality and Efficacy 


13 Jan. 
2010 


NDA 022575, 
Sequence 0019 


Response to Request for Information: CMC Questions of 
23 Dec. 2009 and 07 Jan 2010 letters 


14 Jan. 
2010 


NDA 022575, 
Sequence 0020 


Response to to Request for Information: Clinical 
Questions of 23 Dec. 2009 Fax 


15 Jan. j NDA 022575, 
2010 | Sequence 0021 




Response to telephone request of 15 Jan. 2010- CMC 
information 


26 Jan. 1 NDA 022575, 
2010 | Sequence 0022 

— -, i 




Response to Request for Information regarding 
inspections: Responses to FDA Form 483 in Paraguay, 
Israel, Shire HGT (300 PW) 


27 Jan. 
2010 


NDA 022575, 
Sequence 0023 




Response to 22 Jan. 2010 FDA Request for CMC 
Information 


29 Jan. 
2010 




FDA 
email & 
letter 


FDA comments on US PI 


01 Feb. 
2010 


NDA 022575, 
Sequence 0024 




Response to 27 Jan. 2010 FDA Request for Clinical 
Information 


08 Feb. 
2010 


NDA 022575, 
Sequence 0025 




Response to 03 Feb. 2010 FDA Fax Request for Clinical 
Information 


09 Feb. 
2010 


NDA 022575, 
Sequence 0026 




Response to FDA labeling question dated 29 Jan. 2010 


10 Feb. 
2010 




FDA 
email & 


FDA comments on labeiing-carton labeling and 
container labels 
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Date 


INDorNDA I Other 
Serial No. (if | Contact -i 
applicable) | 


; - : : Description 

■ '< ' . ■'■ ' ■• " •• ■■ ' - ' ' ' '•• • • •" " '" •" 




j letter 




17 Feb. 
2010 


| FDA 
| email 


Response to FDA fax 10 Feb 2010 on labeling-carton 
label and vial labels 


17 Feb 

1/1 CU. 

2010 


NDA 022575, 
Sequence 0027 




RAcnnnco tn 17T^ A loholino niioctinn H atari 1 fi X*ah 7rt1 A 
IxcaJiUIlac \%3 rUJ\ IdUcllIIg IJUcslIUil UalcU Iv Fell. Zulu 

(carton and container comments) 


18 Feb. 
2010 


j FDA Fax 

i 


FDA comments on labeling-carton and container labels 


19 Feb. 
2010 


NDA 022575, | 
Sequence 0028 1 


Response to FDA labeling comments 17 Feb 2010 and 
carton and container label comments 18 Feb 2010 


25 Feb. 
2010 


NDA 022575, | 
Sequence 0029 | 


Information Amendment: Final Post-Marketing 
Commitments and Final Labeling Text (Company 
agreed PMCs and labeling text) 


25 Feb. 
2010 


NDA 022575, 
Sequence 0030 


Information Amendment: Fosi-Marketing 
Commitments and Draft Labeling Text 


26 Feb. 
2010 




FDA 

Action 

Letter 


NDA Approval Letter 
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In re U.S. Patent No.: 7,138,262 Bl Attorney Docket No.: S2071-701019/0013US 

Issued: November 21 , 2006 
Inventors: Peter Francis Daniel 
Assignee: Shire Human Genetic Therapies, 
Inc. 

Title: HIGH MANNOSE PROTEINS AND METHODS OF MAKING HIGH 
MANNOSE PROTEINS 

(12) Statement Concerning Eligibility for and Duration of Extension 
Sought Under 35 U.S.C. § 156 [37 C.F.R. §L740(a)(12)] 

(i) Applicant is of the opinion that U.S. Patent No. 7,138,262 Bl is eligible for 
extension of the patent term under 35 U.S.C. § 1 56 of 687 days and should be extended 
until July 6, 2022. It satisfies all requirements for such extension including: 

(a) 35 U.S.C. § 156(a) - U.S. Patent No. 7,138,262 Bl claims a method of 
manufacturing the approved product, VPRIV 

(b) 35 U.S.C. § 1 56(a)(1) - U.S. Patent No. 7,138,262 Bl has not expired before 
submission of this application. 

(c) 35 U.S.C. § 156(a)(2) - The term of U.S. Patent No. 7,138,262 Bl has never 
been extended under 35 U.S.C. § 156(e)(1). 

(d) 35 U.S.C. § 1 56(a)(3) - The application for patent term extension is submitted 
by the owner of record of the patent in accordance with the requirements of paragraphs 
(1) through (4) of 35 U.S.C. § 1 56(d) and the rules of the Patent and Trademark Office. 

(e) 35 U.S.C. § 156(a)(4) - The product VPRIV™ has been subject to a regulatory 
review period before its commercial marketing or use. 

(f) 35 U.S.C. § 156(a)(5)(A) - The commercial marketing or use of the product 
VPRIV™ after the regulatory review period i& the first permitted commercial marketing 
or use under the provisions of § 505(b) of the Federal Food, Drug, and Cosmetic Act 
under which such regulatory review period occurred. 

(g) 35 U.S.C. § 156(c)(4) - No other patent has been extended for the same 
regulatory review period for the product VPRIV™. 

(h) This application is being submitted within 60 days of regulatory agency 
approval. 

(i) This application otherwise complies with all requirements of 35 U.S.C. § 156 
and all applicable rules and procedures. 
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(12)(ii) Applicant respectfully submits that the length of the extension of patent 
term for U.S. Patent No. 7,138,262 Bl is 687 days pursuant to 35 U.S.C. § 1 56(c). 

The length of the extension was determined pursuant to 37 C.F.R. § 1.775 as 
follows (the remainder of this section (12)(ii) is numbered so as to correspond to the 
numbering in 37 C.F.R. § 1.775 ): 

(c) The regulatory review period under 35 U.S.C. § 1 56(g)(1)(B) is a total 
of 2,1 10 days, which is the sum of (1) and (2) below: 

(1) The period of review under 35 U.S.C. § 156(g)(l)(B)(i), which 
is the number of days in the period beginning on the date the exemption became effective 
(May 20, 2004) and ending on the date an application was initially submitted (August 31 , 
2009), which is 1,930 days; and 

(2) The period of review under 35 U.S.C. § 156(g)(l)(B)(ii), which 
is the number of days in the period beginning on the date the application was initially 
submitted (August 31, 2009) and ending on the date such application was approved 
(February 26, 2010), which is 180 days. 

(d) The term of the patent as extended for a human drug, antibiotic drug or 
human biological product is determined by: 

(1) Subtracting from the number of days determined to be in the 
regulatory review period, which is 2,1 10: 

(i) The number of days in the regulatory review period 
which were on or before the date on which the patent issued (November 21, 2006) which 
is 916 days; and 

(ii) The number of days in the period of (c)(1) and (c)(2) 
above during which applicant did not act with due diligence, which is zero (0) days; and 
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(iii) One-half the number of days determined in 
subparagraph (c)(1) above after that period is reduced by subparagraph (d)(l)(i) and 
(d)(l)(ii) which, is (1, 930-91 6-0)/2, or 507 days. 

Thus, the number of days determined in subparagraph (c) above (2,1 10) is 
reduced by 1 ,423 (916+507) days, for a total of 687 days; 

(2) Adding the number of days as determined in subparagraph (d)(1), (687 
days), to the original term of the patent (August 18, 2020) which results in the date of 
July 6, 2022. 

(3) By adding fourteen (14) years to the date of approval of the New Drug 
Application (NDA 22575) which results in the date of February 26, 2024; 

(4) By comparing the dates for the ends of the periods obtained pursuant 
to paragraphs (d)(2) and (d)(3) and selecting the earlier, which is July 6, 2022; 

(5) (i) Since U.S. Patent No. 7,138,262 Bl issued after September 24, 
1984, by adding 5 years to the original expiration date of the patent or any earlier date set 
by terminal disclaimer, which is August 18, 2025; and (ii) By comparing the dates 
obtained pursuant to paragraphs (d)(4) and (d)(5)(i) of this section with each other and 
selecting the earlier date, which is July 6, 2022. 

Thus, the patent is entitled to extension until July 6, 2022. 



(13) Statement Pursuant to 37 C.F.R. § 1.740(a)(13) 

Applicant acknowledges a duty to disclose to the Director of the United States 
Patent and Trademark Office and the Secretary of Health and Human Services any 
information which is material to the determination of entitlement to the extension sought, 
e.g., as that duty is defined in 37 C.F.R. § 1 .765. 
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Issued: November 21, 2006 
Inventors: Peter Francis Daniel 
Assignee: Shire Human Genetic Therapies, 
Inc. 
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(14) Applicable Fee [1.740(a)(14)l 

The prescribed fee for receiving and acting upon this application is attached as a 
check in the amount of $1,120.00. The Director is authorized to charge any additional 
fees required by this application to Deposit Account No. 50/2762, referencing attorney 
docket number S2071-701019. 

(15) Name and Address for Correspondence (1.740(a)(15)] 

All correspondence and inquiries may be directed to the undersigned, whose 

address, telephone number and fax number are as follows: 

Laurie Butler Lawrence 
Lando & Anastasi, LLP 
One Main Street 
Cambridge, MA 02142 
Phone:617-395-7000 
Fax:617-395-7070 



Enclosed is a certification that the application for extension of patent term under 
35 U.S.C. § 156 including its attachments and supporting papers is being submitted as 
one original and two (2) copies thereof (Attachment K) in compliance with 37 C.F.R. § 



1 .740(b). 



Respectfully submitted, 




Laurie Butler Lawrence, Reg. No. 46,593 
LANDO & ANASTASI, LLP 
One Main Street 

Cambridge, Massachusetts 02142 
United States of America 
Telephone: 617-395-7000 
Facsimile: 617-395-7070 
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Inventors: Peter Francis Daniel 
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Date: April 22, 2010 
Attachments: 

Power of Attorney (Attachment A) 

Package Insert for VPRIV™ (Attachment B) 

NDA approval letter from FDA to Shire Human Genetic Therapies, Inc., dated 
February 26, 2010 (with enclosure) (Attachment C) 
U.S. Patent No. 7,138,262 Bl (Attachment D) 
Maintenance Fee Statement (Attachment E) 

Brumshtein et al. (2010) Glycobiology 20(l):24-32 (Attachment F) 
Letter from FDA to Transkaryotic Therapies, Inc., dated January 12, 2004, 

providing the IND number and showing the date of receipt by FDA of the IND 

(Attachment G) 

A written record of the discussion that occurred on January 28, 2004 regarding 
modification of the protocol (Attachment Gl) 

Letter from Transkaryotic Therapies, Inc. to FDA dated March 1 1 , 2004, 
concerning amendment of protocol (Attachment G2) 

FDA communication to Transkaryotic Therapies, Inc., dated May 20, 2004, 
concerning amendment to protocol (Appendix G3). 

Letter from FDA to Shire Human Genetics Therapies, Inc. indicating the date the 
IND was put on clinical hold (Attachment H) 

Letter from FDA to Shire Human Genetics Therapies, Inc., dated December 21, 
2006, removing the clinical hold and indicating that the protocol can be initiated 
(Attachment I) 

Letter from FDA to Shire Human Genetics Therapies, Inc., dated Septermber 14, 
2009, acknowledging receipt. of the final submission of the NDA (Attachment J) 
Certification of Copies of Application Papers (Attachment K) 
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Attachment A 



Power of Attorney 



Docket No.: S2071-9000 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Commissioner for Patents 

P.O. Box 1450 

Alexandria, VA 22313-1450 

REVOCATION OF PRIOR POWERS OF ATTORNEY 

and 

NEW POWER OF ATTORNEY 

Sir: 

The undersigned, Shire Human Genetic Therapies, Inc., a Delaware Corporation, 
assignee of the entire right, title and interest for all of the patents and patent applications 
identified in the attached Schedule A, hereby revokes all previous powers of attorney or 
authorizations of agent given in the identified patents and patent applications and in any 
divisional, continuing, substitute, renewal, reexamination, or reissue applications thereof, and 
appoints all practitioners of Lowrie, Lando & Anastasi, LLP associated with Customer Number 

37462 

as assignee's attorneys or agents with full power of substitution to take any and all action 
necessary with regard to the identified patents and patent applications, and with regard to any 
divisional, continuing, substitute, renewal or reissue applications thereof. 

Please address all telephone calls to Laurie Butler Lawrence at telephone no. (617) 395- 

7000. 

Please forward all correspondence to the correspondence address associated with 
Customer Number: 37462 

Shire Hjaman Genetic Tbpr33ies, Inc. . 

By: <A\oa*aA M flA^ Dated: (fat */ f f jQ'? 

Name: Kerr^A. Yffiai v / ' 
Title: Vice President, Intellectual Property 

ASSIGNEE CERTIFICATION 

Attached to this power is a Certificate Under 37 CFR 3.73(b). 

Dated: 




latalie A. Lissy, Reg. No. 59,651 
LOWRIE, LANDO & ANASTAS" 
Riverfront Office Park 
One Main Street 
Cambridge, MA 02142 
(617)395-7000 
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SCHEDULE A 



U.S. Patents: 







Al lOKINlkY o 


U.a. r A 1 E1N 1 JNU. 


liSSUli* DA IE 


DUCKJkl 1NU. 


0,924,365 


AO /AO rtAAC 

08/02/2005 


•S207W00410 


7,229,793 


06/12/2007 


OOAT1 7AA11A 

o207 1-7007 19 


' C C£LC\ ZT01 

6,569,681 


05/27/2003 


OA*71 7AAA1 A 

o207 1-7009 19 




1 1/zl/zOUo 


COA71 r 7AiniQ 

i>2U/l-/0IU19 


5,965,125 


10/12/1999 


S2071-701419 


6,472,181 


10/29/2002 


S2071-701440 


6,582,391 


06/24/2003 


S2071 -701441 


6,083,725 


07/04/2000 


S2071-701510 


6,566,099 


05/20/2003 


S2071-701520 


7,122,354 


10/17/2006 


S2071-701521 


6,395,884 


05/28/2002 


S2071-701540 


5,817,789 


10/06/1998 


S2071-701619 


6,027,921 


02/22/2000 


S2071-701640 


6,262,026 


07/17/2001 


S2071 -701641 


6,858,578 


02/22/2005 


S2071-701642 


6,419,920 


07/16/2002 


S2071-701730 


6,458,574 


10/01/2002 


S2071-702030 
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SCHEDULE A 



U.S. Patent Applications: 



u.s. 

APPLICATION NO. 

11/581,979 
11/028,850 
10/160,452 
10/165,060 
11/403,618 
11/671,588 
10/775,678 
08/712,614 
10/423,225 
09/686,497 
1 1/924,804 
11/925,125 
11/925,167 
11/928,247 
10/165,968 
60/375,584 
60/771,555 
10/968,870 



FILING DATE 

10/17/2006 
01/03/2005 
05/31/2002 
07/07/2002 
04/13/2006 
02/06/2007 
02/10/2004 
09/13/1996 
04/25/2003 
10/11/2000 
10/26/2007 
10/26/2007 
10/26/2007 
10/30/2007 
06/10/2002 
04/25/2002 
02/07/2006 
10/18/2004 



ATTORNEY'S 
DOCKET NO. 

S2071-701040 
S2071-701620 
S2071 -701740 
S2071 -702040 
S2071-702540 
S2071-702719 
S2071-702810 
S2071-703119 
S2071-702510 
S2071-701319 
S2071-701320 
S2071-701321 
S2071-701322 
S2071-701323 
S2071 -702020 
S2071-702500 
S2071-702700 
S2071-701020 
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PTO/SB/96 (01-08) 
Approved for use through 04/30/2008. OMB 0651-0031 
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1 995, no persons are required to respond to a collection of information unless it displays a valid OMB control number. 

STATEMENT UNDER 37 CFR 3.73(b) 

Applicant/Patent Owner Peter Francis Daniel ot ai. 

Application No./Patent No.: 7.138.262 Filed/Issue Date: 11/21/2006 

Entitled: HIGH MANNOSE PROTEINS AND METHODS OF MAKING HIGH MANNOSE PROTEINS 



Shire Human fienfrttra Thempifffl, Inc » a Oftlawam Corporation 

(Name of Assignee) (Type of Assignee, e.g., corporation, partnership, university, government agency, etc.) 

states that it is: 

1. [7] the assignee of the entire right, tide, and interest; or 

2. Q an assignee of less than the entire right, title and interest 

(The extent (by percentage) of its ownership interest is %) 

in the patent application/patent identified above by virtue of either. 

A J I An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded 

in the United States Patent and Trademark OfRce at Reel ' Frame , or for which a copy 

thereof is attached. 

OR 

B.0A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows: 



1 . From: Peter Francis Daniel et al; To: Transkaryottc Therapies, Inc. 

The document was recorded in the United States Patent and Trademark Office at 

Reel 011662 Frame 0815 , or for which a copy thereof is attached. 

2. From: Transkaryotic Therapies, Inc. To: Shire Human Genetics Therapies. Inc. 

The document was recorded in the United States Patent and Trademark Office at 

Reel . 018224 , Frame uaau , or for which a copy thereof is attached. 



3. From: To: 

The document was recorded in the United States Patent and Trademark Office at 

Reel , Frame , or for which a copy thereof is attached. 

("I Additional documents in the chain of title are listed on a supplemental sheet. 

[3 As required by 37 CFR 3.73(b)(1 )(i), the documentary evidence of the chain of title from the original owner to the 
assignee was, or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11. 

[NOTE: A separate copy {Le., a true copy of the original assignment documents)) must be submitted to Assignment 
Division in accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 
302.08] 

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee. 

/Natalie A. Ussy/ April 24. 2008 

Signature Date 

Natalie A, Ussy. Reg. No, 59.651 617-395-7000 

Printed or Typed Name Telephone Number 

Attorney 

Title 

This collection of information is required by 37 CFR 3.73(b). The information is required to obtain or retain a benefit by the public which is to file (and by the 
USPTO to process) an application. Confidentiality is governed by 35 U S C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to 
complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time win vary depending upon the individual case. Any 
comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, 
U.S. Patent and Trademark Office, U.S. Department of Commerce. P.O. Box 1450, Alexandria. VA 22313-1450. DO NOT SEND FEES OR COMPLETED 
FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 2231 3-1 450. 



If you need assistance in completing the form, call 1-8QQ-PTO-9199 and select option 2 



Privacy Act Statement 



The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection 
with your submission of the attached form related to a patent application or patent. Accordingly, 
pursuant to the requirements of the Act, please be advised that: (1) the general authority for the 
collection of this information is 35 U.S.C. 2(bX2); (2) furnishing of the information solicited is voluntary; 
and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark 
Office is to process and/or examine your submission related to a patent application or patent If you do 
not furnish the requested information, the U.S. Patent and Trademark Office may not be able to 
process and/or examine your submission, which may result in termination of proceedings or 
abandonment of the application or expiration of the patent 

The information provided by you in this form will be subject to the following routine uses: 

1 . The information on this form will be treated confidentially to the extent allowed under the 
Freedom of Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from 
this system of records may be disclosed to the Department of Justice to determine whether 
disclosure of these records is required by the Freedom of Information Act. 

2. A record from this system of records may be disclosed, as a routine use, in the course of 
presenting evidence to a court, magistrate, or administrative tribunal, including disclosures to 
opposing counsel in the course of settlement negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of 
Congress submitting a request involving an individual, to whom the record pertains, when the 
individual has requested assistance from the Member with respect to the subject matter of the 
record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the 
Agency having need for the information in order to perform a contract. Recipients of 
information shall be required to comply with the requirements of the Privacy Act of 1974, as 
amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in 
this system of records may be disclosed, as a routine use, to the International Bureau of the 
World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal 
agency for purposes of National Security review (35 U.S.C. 181) and for review pursuant to 
the Atomic Energy Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, 
General Services, or his/her designee, during an inspection of records conducted by GSA as 
part of that agency^ responsibility to recommend improvements in records management 
practices and programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall 
be made in accordance with the GSA regulations governing inspection of records for this 
purpose, and any other relevant {i.e., GSA or Commerce) directive. Such disclosure shall not 
be used to make determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after 
either publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent 
pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 
CFR 1 .14, as a routine use, to the public if the record was filed in an application which 
became abandoned or in which the proceedings were terminated and which application is 
referenced by either a published application, an application open to public inspection or an 
issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, 
or local law enforcement agency, if the USPTO becomes aware of a violation or potential 
violation of law or regulation. 
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DEPARTMENT OF HEALTH AND HUMAN SERVICES 



Food and Drag Administration 
Silver Spring MD 20993 



NDA 022575 



NDA APPROVAL 



Shire Human Genetic Therapies, Inc. 

Attention: Nikhil Mehta, Ph.D. 

Vice President, Global Regulatory Affairs 

700 Main Street 

Cambridge, MA 02139 



Dear Dr. Mehta: 

Please refer to your new drug application (NDA) dated August 3 1 , 2009, received 

August 31, 2009, submitted under section 505(b) of the Federal Food, Drug, and Cosmetic Act 

for VPRIV (velaglucerase alfa for injection). 

We acknowledge receipt of your submissions dated Ju ly 30, August 31, September 17, 22, and 
28, October 1, 9, 12, 23, and 29, November 16 and 20, December 1, 4, 15, 18, 22, and 31, 2009, 
and January 13, 14, 15, 26, and 27, and February 1, 8, 9, 17, 19, and 25, 2010. 

This new drug application provides for the use of VPRIV (velaglucerase alfa for injection) for 
long-term enzyme replacement therapy (ERT) for pediatric and adult patients with type 1 
Gaucher disease. 

We have completed our review of this application, as amended. It is approved, effective on the 
date of this letter, for use as recommended in the enclosed agreed-upon labeling text 

Your application was not referred to an advisory committee because this drug is not the first in 
its class, the clinical study design was acceptable, the application did not raise significant safety 
or efficacy issues, the application did not raise significant public health questions on the role of 
the drug in the diagnosis, cure, mitigation, treatment or prevention of a disease, and outside 
expertise was not necessary. 

CONTENT OF LABELING 

As soon as possible, but no later than 14 days from the date of this letter, please submit the 
content of labeling [21 CFR 314.50(1)] in structured product labeling (SPL) format, as described 
at http://ww.fda.gov/ForIndi^ that is 

identical to the submitted labeling (package insert submitted February 25, 2010). For 
administrative purposes, please designate this submission, "SPL for approved NDA 022575." 
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CARTON AND IMMEDIATE CONTAINER LABELS 

We acknowledge your February 19,^2010, submission containing final printed carton and 
container labels* 

Marketing the product with final printed labeling that is not identical to the approved labeling 
text may render the product misbranded and an unapproved new drug. 

REQUIRED PEDIATRIC ASSESSMENTS 

Under the Pediatric Research Equity Act (PREA) (21 U.S.C. 355c), all applications for new 
active ingredients, new indications, new dosage forms, new dosing regimens, or new routes of 
administration are required to contain an assessment of the safety and effectiveness of the 
product for the claimed indication in pediatric patients unless this requirement is waived, 
deferred, or inapplicable. 

Because this drug product for this indication has an orphan drug designation, you are exempt 
from this requirement. 

POSTMARKETING COMMITMENTS SUBJECT TO REPORTING REQUIREMENTS 
UNDER SECTION 506B 

We remind you of your postmarketing commitments in your submission dated 
February 25, 2010. These commitments are listed below. 

1600-01 Shire commits to utilize an antibody screening cut point based on a mean + 1 .645 
standard deviation for assay values from treatment naive Gaucher patients. Shire 
will utilize the same methodology to calculate the anti-imiglucerase ECL cut 
point 

Final Report Submission: May 3 1 , 20 1 0 

1600-02 Shire commits to revise the cut point for the confirmatory anti-velaglucerase and 
anti-imiglucerase screening assays to a level that is less than or equal to the cut 
point of the screening assay. 

Final Report Submission : May 31,2010 

1600-03 Shire commits to re-assess the IgE cut point for the current ECL methodology 
using a chemically synthesized hybrid control Shire commits to support assay 
validation using patient baseline values. 

Final Report Submission: May 31, 2010 

1600-04 Shire commits to develop an assay to measure the ability of patient antibodies to 
block the uptake of velaglucerase and imiglucerase into target cells. 
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Final Report Submission: November 30, 20 1 0 

1600-05 Shire commits to re-analyze all archived pharmacokinetic (PK) samples for Study 
TKT032 (using adequate in-process quality controls and standard curves) and 
recalculate velaglucerase alfa PK parameters. 

Study Completion Date: May 31, 2010 

Final Report Submission: June 30, 2010 

1600-06 Shire commits to conduct a prospective PK study in patients with Type 1 Gaucher 
disease in the case that Shire fails to adequately characterize velaglucerase alfa 
PK using the archived PK samples (discussed under PMC #1600-05 above). 

Final Protocol Submission: December 31, 2010 

Study Completion Date: March 31, 2013 

Final Report Submission: September 30, 20 1 3 



POSTMARKETING COMMITMENTS NOT SUBJECT TO THE REPORTING 
REQUIREMENTS UNDER SECTION 506B 

We remind you of your postmarketing commitments in your submission dated 
February 25, 2010. These commitments are listed below. 

1600-07 Shire commits to develop and implement a kinetic assay with a physiologically 
relevant substrate for drug substance and drug product release and stability 
testing. Results and specifications will be included in the final report. 



Final Report Submission: December 3 1 , 201 1 

1600-08 Shire commits to develop and implement a quantitative method that measures 

total carbohydrate content. Results and specifications will be included in the final 
report 

Final Report Submission: February 28, 201 1 

1600-09 Shire commits to replace the non-quantitative SDS-PAGE Silver stain method 

with a quantitative SDS-PAGE Codmassie test. Results and specifications will be 
included in the final report. 

Final Report Submission: February 28, 201 1 

1600-10 Shire commits to demonstrate that Long R3 IGF1 is well controlled to ensure no 
impact on product quality. The results will be included in the final report. 



Final Report Submission: 



February 28, 2011 
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1600-1 1 Shire commits to demonstrate the clearance capability of the process to remove 
hydrocortisone through hydrocortisone spike studies. The results will be included 
in the final report. 

Final Report Submission: November 30, 20 1 0 

1600-12 Shire commits to re-evaluate drug substance and drug product release and 
stability specifications. Shire will submit the revised specifications and 
supporting data in the final report. 

Final Report Submission: December 31, 201 1 

1600-13 Shire commits to update the specifications for SEC, RP-HPLC, and the glycan 
map, and to include acceptance criteria for the leading shoulder in SEC-HPLC, 
for peaks A and B in RP-HPLC, and for peak group 2 in the glycan map. 

Final Report Submission: July 1, 201 0 

1 600-14 Shire commits to update the peptide map specification using new acceptance 

criteria to reflect control of impurities. Shire commits to add the peptide map as a 
drug substance and drug product release and stability test with the new acceptance 
criteria. 

Final Report Submission: July 1, 2010 

1 600- 1 5 Shire commits to include the cellular uptake bioassay for drug product release 
testing. 

Final Report Submission: April 1,2010 

1 600-16 Shire commits to provide a report containing the sub-visible particulates (2-10 
. \im) analyses, risk assessment and risk mitigation strategies. 

Final Report Submission: September 30, 20 1 0 

1 600- 1 7 Shire commits to include drug substance and drug product stress conditions in the 
annual stability program. The revised stability protocols will be included. 

Final Protocol Submission: April 1, 2010 

1600-1 8 Shire commits to evaluate the impact of pH on the in-use stability of the drug 

product and to provide assurance that procedures are in place to control this risk 
to product quality. 



Final Protocol Submission: 



December 31, 2010 
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Submit clinical protocols to your IND 061220 for this product. Submit nonclinical and 
chemistry, manufacturing, and controls protocols and all study final reports to this NDA. In 
addition, under 21 CFR 314.81(b)(2)(vii) and 314.81(b)(2)(viii) you should include a status 
summary of each commitment in your annual report to this NDA. The status summary should 
include expected summary completion and final report submission dates, any changes in plans 
since the last annual report, and, for clinical studies/trials, number of patients entered into each 
study/trial. All submissions, including supplements, relating to these postmarketing 
commitments should be prominently labeled "Postmarketing Commitment Protocol 
"Postmarketing Commitment Final Report," or "Postmarketing Commitment 
Correspondence." 

PROMOTIONAL MATERIALS 

You may request advisory comments on proposed introductory advertising and promotional 
labeling. To do so, submit, in triplicate, a cover letter requesting advisory comments, the 
proposed materials in draft or mock-up form with annotated references, and the package insert 
to: 

Food and Drug Administration 

Center for Drug Evaluation and Research 

Division of Drug Marketing, Advertising, and Communications 

5901 -B Ammendale Road 

Beltsville, MD 20705-1266 

As required under 21 CFR 314.81(b)(3)(i), you must submit final promotional materials, and the 
package insert, at the time of initial dissemination or publication, accompanied by a Form FDA 
2253. For instruction on completing the Form FDA 2253, see page 2 of the Form. For more 
information about submission of promotional materials to the Division of Drug Marketing, 
Advertising, and Communications (DDMAC), see 
http://www,fda,gov/AboutFDA/CentersOffices/CDER/ucm090 1 42.htm . 

Please submit one market package of the drug product when it is available. 

LETTERS TO HEALTH CARE PROFESSIONALS 

If you issue a letter communicating important safety-related information about this drug product 
(i.e., a "Dear Health Care Professional" letter), we request that you submit an electronic copy of 
the letter to both this NDA and to the following address: 

MedWatch 

Food and Drug Administration 
Suite 12B-05 
5600 Fishers Lane 
Rockville, MD 20857 



NDA 022575 
Page 6 



REPORTING REQUIREMENTS 

We remind you that you must comply with reporting requirements for an approved NDA (21 
CFR 314.80 and 314.81). 

MEDWATCH-TO-MANUFACTURER PROGRAM 

The MedWatch-to-Manufacturer Program provides manufacturers with copies of serious adverse 
event reports that are received directly by the FDA. New molecular entities and important new 
biologies qualify for inclusion for three years after approval. Your firm is eligible to receive 
copies of reports for this product. To participate in the program, please see the enrollment 
instructions and program description details at 

http://www.fda.gov/Safetv/MedWatch/HowToReport/ucm 1 6691 0.htm , 

If you have any questions, call Wes Ishihara, Regulatory Project Manager, at (301) 796-0069. 

Sincerely, 

{See appended electronic signature page) 

Julie Beitz, M.D. 
Director 

Office of Drug Evaluation III 

Center for Drug Evaluation and Research 



Enclosure: Package Insert 



HIGHLIGHTS OF PRESCRIBING INFORMATION 

These highlights do not include all the information needed to use VPRTV 

safely and effectively. Sec full prescribing information for VPRIV. 

VPRTV™ (velaglucerase a I fa for injection) 
Initial U.&. Approval: 2010 

INDICATIONS AND USAGE 

VPRTV (velaglucerase alia for injection) is a hydrolytic lysosomal 
glucocerebroside-specific enzyme indicated for long-term enzyme replacement 
therapy (ERT) for pediatric and adult patients with type 1 Gaucher disease (1). 

DOSAGE AND ADMINISTRATION 

• 60 Units/kg administered every other week as a 60-minute intravenous 
infusion (2). 

• Patients currently being treated with imiglucerase for Gaucher disease can 
be switched to VPRTV. Patients previously treated on a stable dose of 
imiglucerase are recommended to begin treatment with VPRIV at that 
same dose when they switch from imiglucerase to VPRIV (2). 

• Physicians can make dosage adjustments based on achievement and 
maintenance of each patient's therapeutic goals. Clinical trials have 

. evaluated doses ranging from 1 5 Units/kg to 60 Units/kg every other 
week (2). 

_ DOSAGE FORMS AND STRENGTHS 

• Lyophilized powder to be reconstituted and diluted for infusion (3). 

• Available in 200 Units and 400 Units single-use vials (3), 



CONTRAINDICATIONS 

• None (4). 

WARNINGS AND PRECAUTIONS 

• Hypersensitivity reactions: Treatment with VPRIV should be carefully 
re-evaluated in the presence of significant evidence of hypersensitivity 
to the product (5.1). 

• Infusion-related reactions (5.2). 

ADVERSE REACTIONS 

• The most common adverse reactions during clinical studies 
were infusion-related reactions (5.2, 6. 1). 

• Other commonly observed adverse reactions in > 10% of patients were: 
headache, dizziness, abdominal pain, nausea, back pain, joint pain, 
upper respiratory tract infection, activated PTT prolonged, 
fatigue/asthenia, and pyrexia (6. 1 ). 

To report SUSPECTED ADVERSE REACTIONS, contact Sbire Human 
Genetic Therapies, Inc. at the OnePatb*"* phone U 1-866-888-0660 
or MedInfoGlob3l@Shire.com, or FDA at 1-800-FDA-1088 or 
www.fda.gov/medwatch 



See Section 17 for PATIENT COUNSELING INFORMATION. 

Revised: 02/2010 
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VPRIV (velaglucerase alfa for injection) 

FULL PRESCRIBING INFORMATION 

1 INDICATIONS AND USAGE 

VPRIV (velaglucerase alfa for injection) is a hydrolytic lysosomal glucocerebroside-specific 
enzyme indicated for long-term enzyme replacement therapy (ERT) for pediatric and adult 
patients with type 1 Gaucher disease. 

2 DOSAGE AND ADMINISTRATION 
2*1 Recommended Dose 

The recommended dose is 60 Units/kg administered every other week as a 60-minute 
intravenous infusion. 

Patients currently being treated with imiglucerase for type 1 Gaucher disease may be switched to 
VPRIV, Patients previously treated on a stable dose of imiglucerase are recommended to begin 
treatment with VPRIV at that same dose when they switch from imiglucerase to VPRIV. 

Dosage adjustments can be made based on achievement and maintenance of each patient's 
therapeutic goals. Clinical studies have evaluated doses ranging from 15 Units/kg to 
60 Units/kg every other week. 

VPRIV should be administered under the supervision of a healthcare professional. 

2.2 Preparation and Administration Instructions 
Use aseptic technique 

VPRIV is a lyophilized powder, which requires reconstitution and dilution, and is intended for 
intravenous infusion only. VPRIV contains no preservatives and vials are single-use only. 
Discard any unused solution. VPRIV should be prepared as follows: 

Determine the number of vials to be reconstituted based on the individual patient's weight and 
the prescribed dose. Follow the instructions in Table 1 for reconstitution. 



Table 1: Reconstitution Instructions 





200 Units/vial 


400 Units/vial 


Volume of Sterile Water for 
Injection, USP, for 
reconstitution 


2.2 mL 


4.3 mL 


Concentration after 
reconstitution 


100 Units/mL 


100 Units/mL 


Withdrawal volume 


2mL 


4mL 
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Upon reconstitution, mix vials gently. DO NOT SHAKE. Prior to further dilution, visually 
inspect the solution in the vials; the solution should be clear to slightly opalescent and colorless; 
do not use if the solution is discolored or if foreign particulate matter is present. Withdraw the 
calculated volume of drug from the appropriate number of vials and dilute the total volume 
required in 100 mL of 0.9% sodium chloride solution suitable for IV administration. Mix gently. 
DO NOT SHAKE. 

VPRIV should be administered over 60 minutes. VPRIV should not be infused with other 
products in the same infusion tubing as the compatibility in solution with other products has not 
been evaluated. The diluted solution should be filtered through an in-line low protein-binding 
0.2pm filter during administration. 

As VPRIV contains no preservatives, once reconstituted the product should be used immediately. 
If immediate use is not possible, the reconstituted or diluted product may be stored for up to 24 
hours at 2 to 8°C (36 to 46°F). Do not freeze. Protect from light. The infusion should be 
completed within 24 hours of reconstitution of vials. 

3 DOSAGE FORMS AND STRENGTHS 

VPRIV is a sterile, white to off-white, lyophilized powder for reconstitution with Sterile Water 
for Injection, USP, to yieid a final concentration of 100 Units/mL. 

VPRIV is available as 200 Units and 400 Units single-use vials. 

4 CONTRAINDICATIONS 

None. 

5 WARNINGS AND PRECAUTIONS 

5.1 Hypersensitivity Reactions 

Hypersensitivity reactions have been reported in patients in clinical studies with VPRIV [see 
Adverse Reactions (6.1)]. As with any intravenous protein product, hypersensitivity reactions 
are possible, therefore appropriate medical support should be readily available when VPRIV is 
administered. If a severe reaction occurs, current medical standards for emergency treatment are 
to be followed. 

Treatment with VPRIV should be approached with caution in patients who have exhibited 
symptoms of hypersensitivity to the active ingredient or excipients in the drug product or to other 
enzyme replacement therapy. 

5.2 Infusion-related Reactions 

Infusion-related reactions were the most commonly observed adverse reactions in patients 
treated with VPRIV in clinical studies. The most commonly observed symptoms of infusion- 
related reactions were: headache, dizziness, hypotension, hypertension, nausea, fatigue/asthenia, 
and pyrexia. Generally the infusion-related reactions were mild and, in treatment-naive patients, 
onset occurred mostly during the first 6 months of treatment and tended to occur less frequently 
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with time. 



The management of infusion-related reactions should be based on the severity of the reaction, 
e.g. slowing the infusion rate, treatment with medications such as antihistamines, antipyretics 
and/or corticosteroids, and/or stopping and resuming treatment with increased infusion time. 

Pre-treatment with antihistamines and/or corticosteroids may prevent subsequent reactions in 
those cases where symptomatic treatment was required. Patients were not routinely pre- 
medicated prior to infusion of VPRI V during clinical studies. 



6 ADVERSE REACTIONS 
6.1 Clinical Studies Experience 

The data described below reflect exposure of 94 patients with type 1 Gaucher disease who 
received VPRIV at doses ranging from 15 Units/kg to 60 Units/kg every other week in 5 clinical 
studies. Fifty-four (54) patients were naive to ERT and received VPRIV for 9 months and 
40 patients switched from imiglucerase to VPRIV treatment and received VPRIV for 12 months 
[see Clinical Studies (14)]. Patients were between 4 and 71 years old at time of first treatment 
with VPRIV, and included 46 male and 48 female patients. 

The most serious adverse reactions in patients treated with VPRIV were hypersensitivity 
reactions [see Warnings and Precautions (5.1)]. 

The most commonly reported adverse reactions (occurring in >10% of patients) that were 
considered related to VPRIV are shown in Table 2. The most common adverse reactions were 
infusion-related reactions. 

Because clinical trials are conducted under widely varying conditions, adverse reaction rates 
observed in the clinical trials of a drug cannot be directly compared to rates in the clinical trials 
of another drug and may not reflect the rates observed in practice. 
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Table 2: Adverse Reactions Observed in > 10% of Patients with Type 1 Gaucher Disease Treated 



with VPRIV 



System Organ Class 
Preferred Term 


Naive to ERT 
N = 54 


Switched from 
imiglucerase to 

VPRIV 

N = 40 


Number of Patients (% ) 


Nervous system disorders 




Headache 


19(35.2) 


12(30) 


Dizziness 


12(22.2) 


3 (7.5) 


Gastrointestinal disorders 




Abdominal pain 


10(18.5) 


6(15) 


Nausea 


3 (5.6) 


4(10) 


Musculoskeletal and connective tissue disorders 




Back pain 


9(16.7) 


7 (17.5) 


Joint pain (knee) 


8 (14.8) 


3(7.5) 


infections and infestations 




Upper respiratory tract infection 


17(31.5) 


12(30) 


Investigations 




Activated partial thromboplastin time prolonged 


601.1) 


2(5) 


General disorders and administration site conditions 




Infusion-related reaction* 


28(51.9) 


9(22.5) 


Pyrexia 


12(22.2) 


5 (12.5) 


Asthenia/Fatigue 


7(13) 


5 (12.5) 


♦Denotes any event considered related to and occurring within uj) to 24 hours of VPRIV infusion 



Less common adverse reactions affecting more than one patient (>3% in the treatment-naive 
group and >2% in patients switched from imiglucerase to VPRIV treatment) were bone pain, 
tachycardia, rash, urticaria, flushing, hypertension, and hypotension. 



Pediatric Patients 

AH adult adverse reactions to VPRIV are considered relevant to pediatric patients 
(ages 4 to 17 years). Adverse reactions more commonly seen in pediatric patients compared to 
adult patients include (>10% difference): upper respiratory tract infection, rash, aPTT prolonged, 
and pyrexia. 

Immunogenicity 

As with all therapeutic proteins, there is a potential for immunogenicity. In clinical studies, 
1 of 54 treatment-naive patients treated with VPRIV developed IgG class antibodies to VPRIV. 
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In this patient, the antibodies were determined to be neutralizing in an in vitro assay. No 
infusion-related reactions were reported for this patient. It is unknown if the presence of IgG 
antibodies to VPRTV is associated with a higher risk of infusion reactions. Patients with an 
immune response to other enzyme replacement therapies who are switching to VPRIV should 
continue to be monitored for antibodies. 

Immunogenicity assay results are highly dependent on the sensitivity and specificity of the assay. 
Additionally, the observed incidence of antibody positivity in an assay may be influenced by 
several factors, including assay methodology, sample handling, timing of sample collection, 
concomitant medications, and underlying disease. For these reasons, comparison of the 
incidence of antibodies to VPRIV with the incidence of antibodies to other products may be 
misleading. 

7 DRUG INTERACTIONS 

No drug-drug interaction studies have been conducted. 

8 USE IN SPECIFIC POPULATIONS 
8.1 Pregnancy - Category B 

Reproduction studies with velaglucerase alfa have been performed in pregnant rats at intravenous 
doses up to 17 mg/kg/day (102 mg/m 2 /day, about 1.8 times the recommended human dose of 
60 Units/kg/day or 1.5 mg/kg/day or 55.5 mg/m 2 /day based on the body surface area). 
Reproduction studies have been performed in pregnant rabbits at intravenous doses up to 20 
mg/kg/day (240 mg/m 2 /day, about 4.3 times the recommended human dose of 60 Units/kg/day 
based on the body surface area). These studies did not reveal any evidence of impaired fertility 
or harm to the fetus due to velaglucerase alfa. 

A pre- and postnatal development study in rats showed no evidence of any adverse effect on pre- 
and postnatal development at doses up to 17 mg/kg (102 mg/m 2 /day, about 1.8 times the 
recommended human dose of 60 Units/kg/day based on the body surface area). There are, 
however, no adequate and well-controlled studies in pregnant women. Because animal 
reproduction studies are not always predictive of human response, VPRIV should be used during 
pregnancy only if clearly needed. 

8 J Nursing Mothers 

There are no data from studies in lactating women. It is not known whether this drug is excreted 
in human milk. Because many drugs are excreted in human milk, caution should be exercised 
when VPRIV is administered to a nursing woman. 

8.4 Pediatric Use 

The safety and effectiveness of VPRIV have been established in patients between 4 and 17 years 
of age. Use of VPRIV in this age group is supported by evidence from adequate and well- 
controlled studies of VPRIV in adults and pediatric [20 of 94 (21%)] patients. The safety and 
efficacy profiles were similar between pediatric and adult patients [see Adverse Reactions (6 J) 
and Clinical Studies (14)]. The safety of VPRTV has not been established in pediatric patients 
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younger than 4 years of age. 
8.5 Geriatric Use 

During clinical studies 4 patients aged 65 or older were treated with VPRIV. Clinical studies of 
VPRIV did not include sufficient numbers of subjects aged 65 and over to determine whether 
they respond differently from younger subjects. Other reported clinical experience has not 
identified differences in responses between the elderly and younger patients. In general, dose 
selection for an elderly patient should be approached cautiously, considering potential comorbid 
conditions. ' 

10 OVERDOSAGE 

There is no experience with overdose of VPRIV. 

11 DESCRIPTION 

The active ingredient of VPRTV is velaglucerase alfa, which is produced by gene activation 
technology in a human fibroblast cell line. Velaglucerase alfa is a glycoprotein of 497 amino 
acids; with a molecular weight of approximately 63 kDa. Velaglucerase alfa has the same amino 
acid sequence as the naturally occurring human enzyme, glucocerebrosidase, Velaglucerase alfa 
contains 5 potential N-linked glycosyiation sites; four of these sites are occupied by glycan 
chains. Velaglucerase alfa is manufactured to contain predominantly high mannose-type N- 
linked glycan chains. Hie high mannose type N-linked glycan chains are specifically recognized 
and internalized via the mannose receptor present on the surface on macrophages, the cells that 
accumulate glucocerebroside in Gaucher disease. Velaglucerase alfa catalyzes the hydrolysis of 
the glycolipid glucocerebroside to glucose and ceramide in the lysosome. 

VPRTV is dosed by Units/kg, where one Unit of enzyme activity is defined as the quantity of 
enzyme required to convert one micromole of p-nitrophenyl B-D-glucopyranoside to p- 
nitrophenol per minute at 37°C 

VPRIV is supplied as a sterile, preservative free, lyophilized powder in single-use vials. 
Following reconstitution with Sterile Water for Injection, USP, the solution contains the 
components listed in Table 3. 



Table 3: VPRIV Composition Following Reconstitution 





Extractable 200 Units/vial 


Extractable 400 Units/vial 


Active Ingredient 






velaglucerase alfa 


200 Units 


400 Units 


Inactive Ingredients 






citric acid, monohydrate 


2.52 mg 


5.04 mg 


polysorbate 20 


0.22 mg 


0.44 mg 


sodium citrate, dihydrate 


25.88 mg 


51.76 mg 


sucrose 


100 mg 


200 mg 
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12 CLINICAL PHARMACOLOGY 



12.1 Mechanism of Action 

Gaucher disease is an autosomal recessive disorder caused by mutations in the GBA gene, which 
results in a deficiency of the lysosomal enzyme beta-glucocerebrosidase. Glucocerebrosidase 
catalyzes the conversion of the sphingolipid glucocerebroside into glucose and ceramide. The 
enzymatic deficiency causes an accumulation of glucocerebroside primarily in the lysosomal 
compartment of macrophages, giving rise to foam cells or "Gaucher cells". In this lysosomal 
storage disorder (LSD), clinical features are reflective of the accumulation of Gaucher cells in 
the liver, spleen, bone marrow, and other organs. The accumulation of Gaucher cells in the liver 
and spleen leads to organomegaly. Presence of Gaucher cells in the bone marrow and spleen 
lead to clinically significant anemia and thrombocytopenia. 

Velaglucerase alfa catalyzes the hydrolysis of glucocerebroside, reducing the amount of 
accumulated glucocerebroside. 

123 Pharmacokinetics 

In a multicenter study conducted in pediatric (N=7, 4 to 17 years old) and adult (N=I5, 
19 to 62 years old) patients with type 1 Gaucher disease, pharmacokinetic evaluations were 
performed at Weeks 1 and 37 following 60-minute intravenous infusions of VPRIV 60 Units/kg 
every other week. Serum velaglucerase alfa concentrations declined rapidly with a mean half 
life of 1 1 to 12 minutes. The mean velaglucerase alfa clearance ranged from 6.72 to 7.56 
mL/min/kg. The mean volume of distribution at steady state ranged from 82 to 108 mL/kg 
(8.2% to 10.8% of body weight). However, because an inadequately validated analytical assay 
method was used in the evaluations, the accurate and definitive pharmacokinetic parameter 
values are not currently available. 

No accumulation or change in velaglucerase alfa pharmacokinetics over time from Weeks 1 to 
.37 was observed upon multiple-dosing 60 Units/kg every other week. 

Based on the limited data, there were no notable pharmacokinetic differences between male and 
female patients in this study. The effect of age on pharmacokinetics of velaglucerase alfa was 
inconclusive. 

The effect of anti-drug antibody formation on the pharmacokinetic parameters of velaglucerase 
alfa is unknown. 

13 NONCLINICAL TOXICOLOGY 

13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility 

Long-term studies in animals to evaluate carcinogenic potential or studies to evaluate mutagenic 
potential have not been performed with velaglucerase alfa. 

In a male and female fertility study in rats, velaglucerase alfa did not cause any significant 
adverse effect on male or female fertility parameters up to a maximum dose of 17 mg/kg/day 
(102 mg/m 2 /day, about 1.8 times the recommended human dose of 60 Units/kg/day based on the 
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body surface area). 



14 CLINICAL STUDIES 

The efficacy of VPRIV was assessed in three clinical studies in a total of 99 patients with type 1 
Gaucher disease: 82 patients age 4 years and older received VPRTV and 17 patients age 3 years 
and older received imiglucerase. Studies I and II were conducted in patients who were not 
currently receiving Gaucher disease-specific therapy. Study III was conducted in patients who 
were receiving imiglucerase treatment immediately before starting VPRIV. In these studies, 
VPRTV was administered intravenously over 60 minutes at doses ranging from 15 Units/kg to 
60 Units/kg every other week. 

14.1 Studies of VPRIV as Initial Therapy 

Study I was a 12-month, randomized, double-blind, parallel-dose-group, multinational study in 

25 patients age 4 years and older with Gaucher disease-related anemia and either 
thrombocytopenia or organomegaly. Patients were not allowed to have had disease-specific 
therapy for at least the previous 30 months; all but one had no prior therapy. The mean age was 

26 years and 60% were male. Patients were randomized to receive VPRIV at a dose of either 
45 Units/kg (N=13) or 60 Units/Kg (N=12) every other week. 

At baseline, mean hemoglobin concentration was 10.6 g/dL, mean platelet count was 97 x 10 9 /L, 
mean liver volume was 3.6 % of body weight (% BW), and mean spleen volume was 2.9 % BW. 
For all studies, liver and spleen volumes were measured by MRL The changes in clinical 
parameters after 12 months of treatment are shown in Table 4. The observed change from 
baseline in the primary endpoint, hemoglobin concentration, was considered to be clinically 
meaningful in light of the natural history of untreated Gaucher disease. 

Table 4: Mean Change from Baseline to Month 12 for Clinical Parameters in Patients with Type 1 
Gaucher Disease Initiating Therapy with VPRIV in Study I 



Clinical Parameter 


Mean Changes from Baseline ± Std. Err. of the Mean 


VPRIV Dose (given every other week) 


45 Units/kg 
N = 13 


60 Units/kg 


Hemoglobin concentration change 


2.4 ±0.4* 


2.4 ±03** 


Platelet count change 
(x 10 9 /L) 


41 ± 14* 


51 ±12* 


Liver volume change 
(%BW) 


-0.30 ±0.29 


-0.84 ± 0.33 


Spleen volume change 
(%BW) 


-1.9 ±0.6* 


-1.9 ±0.5* 



Primary study endpoint was hemoglobin concentration change in the 60 Unit/kg group, p < 0.00 



* Statistically significant changes from baseline after adjusting for performing multiple tests 

Study II was a 9-month, randomized, double-blind, active-controlled (imiglucerase), parallel- 
group, multinational study in 34 patients age 3 years and older. Patients were required to have 
Gaucher disease-related anemia and either thrombocytopenia or organomegaly. Patients were 
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not allowed to have had disease-specific therapy for at least the previous 12 months. The mean 
age was 30 years and 53% were female; the youngest patient who received VPRIV was age 
4 years. Patients were randomized to receive either 60 Units/kg of VPRTV (N=17) or 
60 Units/kg of imiglucerase (N=17) every other week. 

At baseline, the mean hemoglobin concentration was 1 1.0 g/dL, mean platelet count was 171 x 
10 9 /L, and mean liver volume was 4.3 % BW. For the patients who had not had splenectomy 
(7 in each group) the mean spleen volume was 3.4 % BW. After 9 months of treatment, the 
mean absolute increase from baseline in hemoglobin concentration was 1.6 g/dL ± 0.2 (SE) for 
patients treated with VPRIV. The mean treatment difference in change from baseline to 9 
months [VPRIV - imiglucerase] was 0.1 g/dL ± 0.4 (SE). 

In Studies I and II, examination of age and gender subgroups did not identify differences in 
response to VPRIV among these subgroups. The number of non-Caucasian patients in these 
studies was too small to adequately assess any difference in effects by race. 

14.2 Study in Patients Switching from Imiglucerase Treatment to VPRIV 

Study III was a 12-month, open-label, single-arm, multinational study in 40 patients age 9 years 
and older who had been receiving treatment with imiglucerase at doses ranging between 
15 Units/kg to 60 Units/kg for a minimum of 30 consecutive months. Patients also were required 
to have a stable biweekly dose of imiglucerase for at least 6 months prior to enrollment. The 
mean age was 36 years and 55% were female. Imiglucerase therapy was stopped, and treatment 
with VPRIV was administered every other week at the same number of units as the patient's 
previous imiglucerase dose. Adjustment of dosage was allowed by study criteria if needed in 
order to maintain clinical parameters. 

Hemoglobin concentrations and platelet counts remained stable on average through 12 months of 
VPRIV treatment. After 12 months of treatment with VPRTV the median hemoglobin 
concentration was 13.5 g/dL (range: 10.8, 16.1) vs. the baseline value of 13.8 g/dL (range: 10.4, 
16.5), and the median platelet count after 12 months was 174 x 10 9 /L (range: 24, 408) vs. the 
baseline value of 162 x 10 9 /L (range: 29, 399). No patient required dosage adjustment during the 
12-month treatment period. 

15 REFERENCES 

1. Pastores GM, Weinreb NJ, Aerts H, et al. Therapeutic Goals in the Treatment of Gaucher 
Disease. Semin HematoL 2004; 41(4 Suppl 5):4-14. 

16 HOW SUPPLIED/STORAGE AND HANDLING 

VPRTV is a sterile, preservative free, lyophilized powder requiring reconstitution and further 
dilution prior to use. It is supplied in individually packaged glass vials, which are closed with a 
butyl rubber stopper with a fluoro-resin coating and are sealed with an aluminum overseal with a 
flip-off plastic cap. The vials are intended for single use only. VPRIV is available as: 
200 Units/vial NDC 54092-701-02 and 400 Units/vial NDC 54092-701-04. 
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16J Storage 

VPRIV should be stored in a refrigerator at 2 to 8°C (36 to 46°F). Do not use VPRIV after the 
expiration date on the vial. Do not freeze. 

Protect vial from light 

17 PATIENT COUNSELING INFORMATION 

• VPRIV should be administered under the supervision of a healthcare professional. VPRIV is 
a treatment that is given intravenously (by IV) every other week. The infusion typically takes 
up to 60 minutes. 

• Patients should be advised that VPRIV may cause hypersensitivity reactions or infiision- 
related reactions. Infusion-related reactions can usually be managed by slowing the infusion 
rate, treatment with medications such as antihistamines, antipyretics and/or corticosteroids, 
and/or stopping and resuming treatment with increased infusion time. Pre-treatment with 
antihistamines and/or corticosteroids may prevent subsequent reactions. Treatment with 
VPRIV should be carefully re-evaluated in the presence of significant evidence of 
hypersensitivity to the product [see Warnings and Precautions (5.1, 5.2)]. 



RxOnly 

VPRIV is manufactured by: 

Shire Human Genetic Therapies, Inc. 
700 Main Street 
Cambridge, MA 02139 

OnePath is a service mark and VPRIV is a trademark of Shire Human Genetic Therapies, Inc. 
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ABSTRACT 



The invention features a method of producing a high man- 
nose glucocerebrosidase (hmGCB) which includes: provid- 
ing a cell which is capable of expressing glucocerebrosidase 
(GCB). and allowing production of GCB having a precursor 
oligosaccharide under conditions which prevent the removal 
of at least one mannose residue distal to the pentasaccharide 
core of the precursor oligosaccharide of GCB. to thereby 
pnxluce an hmGCB preparation. Preferably, the condition 
which prevents the removal of at least one mannose residue 
distal to the pentasaccharide core is inhibition of a class 1 
processing mannosidase and/or a class 2 processing man- 
nosidase. The invention also features an hmGCB prepara- 
tion and methods of using an hmGCB preparation. 

63 Claims, 1 Drawing Sheet 
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HIGH MANNOSE PROTEINS AND 
METHODS OF MAKING HIGH MANNOSE 
PROTEINS 

BACKGROUND OF THE INV ENTION 

Gaucher disease is an autosomal recessive lysosomal 
storage disorder characterized by a deficiency in the lyso- 
somal enzyme, glucocerebrosidase (GCB). GCB hydrolyzes 
the glycolipid glucocerebroside that is formed alter degra- 
dation of glycosphingolipids in the membranes of white 
blood cells nnd red blood cells. The deficiency in this 
enzyme causes glucocerebroside to accumulate in large 
quantities in thelysosomes of phagocytic cells located in the 
liver, spleen and bone marrow of Gaucher patients. Accu- 
mulation of these molecules causes a range of clinical 
manifestations including splenomegaly, hepatomegaly, skel- 
etal disorder, thrombocytopenia and anemia. (Beutler el al. 
Gaucher disease; In: The Metabolic and Molecular Bases of 
Inherited Disease (McGraw-Hill. Inc. New York. 1995) pp. 2H 
2625-2639) 

Treatments for patients suffering from this disease include 
administration of analgesics for relief of bone pain, blood 
and platelet transjusions and. in some cases, splenectomy. 
Joint replacement is sometimes necessary for patients who 25 
experience bone erosion. 

Enzyme replacement therapy with GCB has been used as 
a treatment for Gaucher disease. Current treatment of 
patients with Gaucher disease includes administration of a 
carbohydrate remodeled GCB derived from human placenta 30 
or Chinese hamster ovary (CHO) cells transfected with a 
GCB expression construct and known as alglucerase or 
imiglocerase. respectively. The treatment is extremely 
expensive in part because of the cost of removing sugars 
from GCB to expose the irimannosyl core of complex 35 
glycans in order to target the enzyme to mannose receptors 
on cells of reticuloendothelial origin. The scarcity of the 
human placental tissue (in the case of alghicerase). complex 
purification protocols, and the relatively large amounts of 
the carbohydrate remodeled GCB required all contribute to 4t> 
the cost of the treatment. 

SUMMARY OF THH INVENTION 

The invention is based, in part, on the discovery that by 
preventing removal of one or more mannose residues distal 
from the pentasaccharide core of a precursor oligosaccharide 
chain of a protein, e.g.. a lysosomal storage enzyme, a high 
mannose protein such as high mannose glucocerebrosidase 
(hmGCB) can be obtained. These high mannose proteins can 
be used to target the protein to cells which express mannose 
receptors. Such cells can include cells of reticuloendothelial 
origin including macrophages. Kupfler cells and histiocytes. 
Thus, these high mannose proteins can be used, for example, 
to target delivery by receptor mediated endocyiosis to lyso- 55 
somes to treat various lysosomal storage diseases. < 

In particular. hmGCB has been found to efficiently target 
mannose receptors. Mannose receptors are present on mac- 
rophages and other cells, e.g.. dendritic cells, cardioinyo- 
cytes and glial cells, and are instrumental in receptor- 60 
mediated endncytosis. The absence of GCB in patients with 
Gaucher disease leads to accumulation of glucocerebroside. 
primarily in cells of reticuloendothelial origin including 
macrophages, Kupffer cells and histiocytes. Because these 
cells express mannose receptors on their surface. hmGCB 
can be used to effectively target delivery of a corrective 
enzyme 10 the lysosomes through receptor-mediated 
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endocytosis,. thereby treating Gaucher disease. Surprisingly, 
it was found that hmGCB uptake by macrophages was 
increased as compared to uptake of GCB secreted from cells. 
Accordingly, in one aspect, the invention features a 
5 method of producing a preparation of high mannose gluco- 
cerebrosidase (hmGCB). The method includes: 
providing a cell which is capable of expressing GCB ; and 
allowing production of GCB having a precursor oligosac- 
charide under conditions which preveni the removal of at 
10 least one mannose residue distal to the pentasaccharide core 
of the precursor oligosaccharide of GCB. to thereby produce 
an hmGCB preparation. 

In a preferred embodiment, the GCB is human GCB. In a 
preferred embodiment, the cell is a human cell. 

Id a preferred embodiment, the removal of: one or more 
a 1.2 mannose rcsiduc(s) distal to the pentasaccharide core 
is prevented: an a 3 .3 mannose residue distal to the pen- 
tasaccharide core is prevented: and/or an a 1.6 mannose 
residue distal to the pentasaccharide core is prevented. 
Preferably, the removal of one or more u }J2 mannose 
residues) distal lo the pentasaccharide core is prevented. 

In a preferred embodiment, the method can include con- 
tacting the cell with a substance which prevents the removal 
of at least one mannose residue distal to the pentasaccharide 
core of the precursor oligosaccharide of GCB e.g.. prevents 
removal of one or more a 1.2-mannosc residues) distal to 
the pentasaccharide core, an a } .3 mannose residue distal to 
the pentasaccharide core and/or an a 1.6 mannose residue 
distal to the pentasaccharide core. Preferably, the removal of 
one or more a 1 .2 mannose(s> residue distal to the pentasac- 
charide core is prevented. 

In a preferred embodiment, the method includes contact- 
ing the cell with a substance which prevents the removal of 
at least one mannose residue distal to the pentasaccharide 
core of the precursor oligosaccharide of (iCB, wherein the 
substance is a mannosidase inhibitor. The mannosidase 
inhibitor can be a class I processing mannosidase inhibitor, 
a class 2 processing mannosidase inhibitor or both. The class 
1 processing mannosidase inhibitor can be one or more of: 
kifunensine. deoxymannojirimycin. or a similar inhibitor. 
Preferably, the class 1 processing mannosidase inhibitor is 
kifunensine. Useful class 2 processing mannosidase inhibi- 
tors can include one or more of: swainsonine. manno statin. 
4S 6-deoxy-I.4-dideoxy-I.4-imino-I>-mannjiol (6-deoxy- 
D1M). and 6-deox\'-6-fluoro-l,4-dideoxy-l,4-imino-f>- 
mannitol (6-deoxy-6-fluoro-DIM). Preferably, the class 2 
processing mannosidase inhibitor is swainsonine. 

In a preferred embodiment, a mannosidase inhibitor is 
50 present at a concentration between about 0.025 to 20.0 
ug/inl. 0.05 to 10 pg/mk 0.05 to 5 ug/nik preferably between 
about 0.1 to 2.0 iig/ml. 

In a preferred embodiment, the method further includes 
contacting the cell with a class 1 processing mannosidase 
inhibitor and a class 2 processing mannosidase inhibitor. In 
a preferred embodiment, the class 1 processing mannosidase 
inhibitor is present at a concentration between about 0.025 
to 20.0 ug/mK 0.05 to J 0 pg/mk 0.05 to 5 pg/mk preferably 
between about 0.1 to 2.0 pg/mk the class 2 processing 
mannosidase inhibitor is present at a concentration between 
about 0.025 to 20.0 pg/mk 0.05 10 10 pg/mk 0.05 lo 5 ug/mk 
preferably between about O.J to 2.0 pg/mk each of the class 
1 processing and class 2 processing mannosidase inhibitors 
are present at a concentration between about 0.025 to 20.0 
65 pg/mk 0.05 to 10 pg/mk 0.05 to 5 pg/mk preferably between 
about 0. 1 to 2.0 ug/ml: the total concentration of the class 1 
processing and class 2 processing mannosidase inhibitors 
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present is between about 0.025 to 40.0 ug/ml. 0.05 to 20 
ug'ml, 0.05 to ] 0 ug/ml, preferably between about 0.] to 4.0 
ug/rnl. 

In a preferred embodiment, the cell carries a mutation for, 
e.g.. a knockout for. at least one Golgj processing mannosi- 5 
dase. The mutation can be one which reduces the expression 
of the gene, reduces protein or activity levels, or alters the 
distribution or other post translational modifications of the 
mannosidase, e.g.. the processing of the carbohydrate 
chains, 'fhe mutation can be one whicbSreduces the level of io 
the Golgi processing mannosidase activity, e.g., one which 
reduces gene expression, e.g., a null mutation, e.g., a dele- 
lion, a frameshift or an insertion. In a preferred embodiment 
the mutation is a knockout, e.g., in the mannosidase gene. 
The mutation can affect the structure (and activity of the is 
protein), and can. e.g.. be a temperature sensitive mutation 
or a truncation. In a preferred embodiment, the cell carries 
a imitation, e.g., a knockout, for a class I processing 
mannosidase: a class 2 processing mannosidase; a class 1 
processing mannosidase and a class 2 processing mannosi- 2i> 
dase. In a preferred embodiment, the class 1 processing 
mannosidase is: Golgi mannosidase IA; Golgi mannosidase 
IB: Golgi mannosidase IC; or combinations thereof. In a 
preferred embodiment, the class 2 processing mannosidase 
is: Golgi mannosidase II. 25 

In a preferred embodiment^ the cell includes a nucleic acid 
sequence, such as an antisense molecule or ribozyme, which 
can bind to or inactivate a cellular mannosidase nucleic acid 
sequence, e.g;, mRNA, and inhibit expression of the protein. 
In a preferred embodiment, the nucleic acid sequence is: a 30 
class 1 processing mannosidase antisense molecule; a class 
2 processing mannosidase antisense molecule: both a class 
1 processing mannosidase antisense molecule and a class 2 
processing mannosidase antisense molecule. In a preferred 
embodiment, the class 1 processing mannosidase is: Golgi 35 
mannosidase IA: Golgi mannosidase IB: Golgi mannosidase 
IC: and combinations thereof. In a preferred embodiment, 
the class 2 processing mannosidase is: Golei mannosidase 
II. 

In a preferred embodiment, the cell includes a molecule, 40 
e.g.. an exogenously supplied molecule, which binds and 
inhibits a mannosidase. The molecule can be, e.g., a single 
chain antibody, an intracellular protein or a competitive or 
non-competitive inhibitor. 

In a preferred embodiment, the hmGCB molecule 45 
includes a carbohydrate chain having at least four mannose 
residues. For example, the molecule has at -least one carbo- 
hydrate chain having five mannose residues, the hmGCB 
molecule has at least one carbohydrate chain having six 
mannose residues, the hmGCB molecule has at least one 50 
carbohydrate chain having seven mannose residues, the 
hmGCB molecule has at least one carbohydrate chain hav- 
ing eight mannose residues, the hmGCB molecule has at 
least one carbohydrate chain having nine mannose residues. 
Preferably, the hmGCB molecule has at least one carbohy- 55 
dratc chain having five, eight or nine mannose residues. 

In a preferred embodiment, the hmGCB produced (either 
one or more hmGCB molecules or the preparation as a 
whole) has'a ratio of mannose residues to GlcNAc residues 
which is greater than 3 mannose residues to 2 GlcNAc 60 
residues, preferably the ratio of mannose to GlcNAc is 4:2, 
5:2. 6:2, 7:2. 8:2. 9:2. more prcferablv the ratio of mannose 
to GlcNAc is 5:2, 8:2 or 9:2. 

In a preferred embodiment, the removal of one or more 
mannose residues distal to the pentasaccharide core is pre- 65 
vented on one, two. three or four of the carbohydrate chains 
of an hmGCB molecule. 
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In a preferred embodiment, at least 30%. 40%. 50%. 60%. 
70%, 75%. 80%, 85%, 90%. 95%. 98%. 99% or all of the 
hmGCB molecules of the preparation have at least one. and 
preferably two. three or four carbohydrate chains in which 
the removal of one or more mannose residues distal to the 
pentasaccharide core has been prevented. 

In a preferred embodiment, the hmGCB preparation is a 
relatively heterogeneous preparation. Preferablv. less than 
80%, 70%, 60%, 50%, 45%, 40%. 35%. 30%, 25%. 20%. 
15%, 10%, 5% or 1% of the carbohydrate chains in the 
hmGCB preparation have the same number of mannose 
residues in addition to the pentasaccharide core. For 
example, the ratio of carbohydrate chains having the same 
number of mannose resides in addition to the pentasaccha- 
ride core to carbohydrate chains having a different number 
of mannose residues can be about: 60%: 40%: 50%:50%: 
40%:60%: 30%:70%; 25%:75%: 20%:80%: I5%:85%: 
J0%:90%; 5% or less:95% or more. 

In a preferred embodiment, activity of Golgi mannosidase 
IA and/or IB and/or IC is inhibited and at least about 60%. 
70%, 75%. 80%, 85%. 90%, 95%, 98%. 99% or 100% of the 
carbohydrate chains in the hmGCB preparation have five or 
more mannose residues, e.g- five, six. seven, eight and/or 
nine mannose residues. In a preferred embodiment, activity 
of Golgi mannosidase 1 is inhibited and the ratio of carbo- 
hydrate chains having five ov more mannose residues to 
carbohvdrate chains having four or less mannose residues is 
about 60%:40%; 70%:30%: 75%:25%: 80%:20%: 85%: 
15%; 90%:10%: 95%:5%; 99%: 1%: or 100%:0%. 

In a preferred embodiment, activity of Golgi mannosidase 
II is inhibited and at least about 60%. 70%. 75%. 80%. 85%. 
90%, 95%, 98%, 99% or 100% of the carbohydrate chains 
in the hmGCB preparation have five or more mannose 
residues, e.g., five, six, seven, eight and/or nine mannose 
residues. In a preferred embodiment, activity of Golgi 
mannosidase II is inhibited and the ratio of carbohydrate 
chains having five or more mannose residues to carbohy- 
drate chains having four or less mannose residues is about 
60%:4O%: 70%:30%: 75%:25%: 80%:20%: X5%:15%: 
90%: 10%: 95%:5%; 99%: 1%: or j00%:0%. 

In a preferred embodiment, the cell includes an exog- 
enous nucleic acid sequence which includes a GCB coding 
region. In a preferred embodiment, the cell further includes 
a regulatory sequence, an endogenous or exogenous regu- 
latory sequence, which functions to regulate expression of 
the exogenous GCB coding region. 

In a preferred embodiment, the cell includes an exog- 
enous regulatory sequence which functions to regulate 
expression of an endogenous GCB coding sequence, e.g.. 
the regulators* sequence is integrated into the genome of the 
cell such that it regulates expression of an endogenous GCB 
coding sequence. 

In a preferred embodiment, the regulatory sequence 
includes one or more of: a promot er, an enhancer, an 
upstream activating sequence (UAS). a scaffold-attachment 
region or a transcription factor-binding site. In a preferred 
embodiment, the regulatory sequence includes: a regulatory 
sequence from a metal lothionein-I gene, e.g., a mouse 
metallothionein-l gene, a regulatory sequence from an 
SV-40 gene, a regulatory sequence from a cytomegalovirus 
gene, a regulatory sequence from a collagen gene, a regu- 
latory sequence from an act in gene, a regulatory sequence 
from an immunoglobulin gene, a regulatory sequence from 
the IIMG-CoA reductase gene, or a regulatory sequence 
from the EF-la gene. 

In a preferred embodiment, the cell is: a eukaryouc cell. 
In a preferred embodiment, the cell is of fungal, plant or 
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animal origin, e.g.. vertebrate origin. In a preferred embodi- 
ment the cell is: a mammalian cell. e.g., a primary or 
secondary mammalian cell. e.g.. a fibroblast, a hematopoi- 
etic stem cell, a myoblast, n keraii oocyte, an epithelial cell, 
an endothelial cell, a glial cell, a neural cell, a cell compris- 
ing a formed element of the blood, a muscle cell and 
precursors of these somatic cells: a transformed or immor- 
talized cell line. Preferably, the cell is a human cell. 
. Examples of immortalized human cell lines useful in the 
present method include, but are not limited to: a Bowes 
Melanoma cell ( ATCC Accession No. CRL 9607). a Daudi 
cell (ATCC Accession No. CCL 213). a HeLa cell and a 
derivative of a HeLa cell (ATCC Accession Nos. CCL2 
CCL2.I and CCL 2.2). a HL-60 cell (ATCC Accession No. 
CCL 240), an HT-1080 cell (ATCC Accession No. CCL 
121). a Jurkat cell (ATCC Accession No. TIB 152), a KB 
carcinoma cell (ATCC Accession No. CCL 17). a K-562 
leukemia cell (ATCC Accession No. CCL 243), a MCF-7 
breast cancer cell (ATCC Accession No. BTH 22), a 
MOLT-4 cell (ATCC Accession No. 1 582). a Namalwa cell 
(ATCC Accession No. CRL 1432). a Raji cell (ATCC 
Accession No. CCL 86).. a RPIvfl 8226 cell (ATCC Acces- 
sion No. CCL 155). a U-937 cell (ATCC Accession No. 
1 593), WI-2SYA 1 3 sub line 2R4 cells (ATCC Accession No. 
CLL 155), a CCRF-CEM cell (ATCC Accession No. CCL 
119) and a 2780AD ovarian carcinoma eel! (Van Der Blick 
et aL. Cancer Res. 48:5927-5932, 19S8). as well as betero- 
hybridoma cells produced by fusion of human cells and cells 
of another species. In another embodiment, the immortalized 
cell line can be cell line other than a human cell line, e.g.. 
a CHOcell line, a COS cell line. In another embodiment, the 
cell can be a from a clonal cell strain or clonal cell line. 

In a preferred embodiment, a population of cells which 
are capable of expressing hmGCB is provided, and ai least 
30%, 40%, 50%. 60%, 70%, 75%, 80%, 85%. 90%. 95%. 
98%. 99% or all of the cells produce IimGCB molecules 
with at least one carbohydrate chain, and preferably two, 
three., or four carbohydrate cliains. having the specified 
number of mannose residues. 

In a preferred embodiment, the cell is cultured in culture 
medium which includes at least one inannosidasc inhibitor. 
In a preferred embodiment, the method further includes 
obtaining the hmGCB from the medium in which the cell is 
cultured. 

In another aspect, the invention features a method of 
producing a preparation of hmGCB. ITie method includes: 

providing a cell which is capable of expressing GCB; and 

allowing production of GCB having a precursor oligosac- 
charide under conditions which inhibit class 1 processing 
mannosidase activity and class 2 processing mannosidase 
activity such that the removal of at least one mannose 
residue distal to the pentasaccharide core of the precursor 
oligosaccharide of GCB is prevented, to i hereby pnnluee an 
hmGCB preparation. 

In a preferred embodiment, the GCB is human GCB. In a 
preferred embodiment, the cell is a human cell. 

In a preferred embodiment, the removal of: one or more 
a 1,2 mannose residue(s) distal to the pentasaccharide core 
is prevented; an a 13 mannose residue distal to the pen- 
tasaccharide core is prevented; and/or an u 1.6 mannose 
residue distal to the pentasaccharide core is prevented. 
Preferably, the removal of one or more a 1.2 mannose 
residues) distal to the pentasaccharide core is prevented. 

In a preferred embodiment, the method can include: 
contacting the cell with a substance which inhibits a class 1 
processing mannosidase activity and a substance which 
inhibits a class 2 processing mannosidase activity thereby 
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preventing the removal of at least one mannose residue 
distal to the pentasaccharide core of the precursor oligosac- 
charide of GCB. Id a preferred embodiment, the substances 
prevent removal of one or more a 1 2 mannose residue distal 
5 to the pentasaccharide core. 

In a preferred embodiment, the method includes contact- 
ing the cell with a substance which inhibits a class 1 
processing mannosidase activity and a substance which 
inhibits a class 2 processing mannosidase activity, wherein 

10 the substances are a class 1 processing mannosidase inhibi- 
tor and a class 2 processing mannosidase inhibitor. In a 
preferred embodiment, the class 1 processing mannosidase 
inhibitor can be one or more of: kifunensine, deoxyman- 
nojirimycin, or a similar inhibitor. Preferably, the class } 

15 processing mannosidase inhibitor is kifunensine. In a pre- 
ferred embodiment, the class 2 processing mannosidase 
inhibitor can be one or more of: swainsoniiie. mannostatin, 
6-deoxy-DlM, and 6-deoxy-6-ftuoro-DlM. Preferably, the 
class 2 processing mannosidase inhibitor is swainsonine. 

20 In a preferred embodiment, a class 1 processing mannosi- 
dase inhibitor is present at a concentration between about 
0.025 to 20.0 ug/jnl. 0.05 to 10 pg/ml 0.05 to 5 ug/nil 
preferably between about O.j to 2.0 ug/ml: a class 2 pro- 
cessing mannosidase inhibitor is present at a concentration 

25 between about 0.025 to 20.0 ug/ml. 0.05 to 10 ug/ml 0.05 
to 5 fig/ml preferably between about 0.1 to 2.0 ug/ml; each 
of the class 1 pre>cessing and class 2 processing mannosidase 
inhibitors are present at a concentration between about 0.025 
to 20.0 ug/ml, 0.05 to 10 ug/ml, 0.05 to 5 ug/ml, preferably 

30 between about 0.1 to 2.0 ug/ml: the total concentration of the 
class 1 processing and class 2 processing mannosidase 
inhibilors present is beiween about 0.025 to 40.0 ug/ml, 0.05 
to 20 jig/ml. 0.05 to 10 ug/ml, preferably between about 0.3 
to 4.0 ug/ml 

35 In a preferred embodiment, the eel 1 carries a mutation for, 
e.g.. a knockout for, a class 1 mannosidase and a class 2 
mannosidase. The mutation can be one which reduces the 
expression of the gene, reduces protein or activity levels, or 
alters the distribution or oilier post translation a! modifiea- 

40 lions of the mannosidase. e.g.. the processing of tbe carbo- 
hydrate chains. The mutation can be one which reduces the 
level of a class I processing mannosidase and/or a class 2 
processing mannosidase activity, e.g., one which reduces 
gene expression, e.g., a null mutation, e.g., a deletion, a 

45 frameshiit, or an insertion. In a preferred embodiment, the 
mutation is a knockout in the mannosidase gene, 'fhe 
mutation can affect the structure (and activity of the protein), 
and can, e.g.. be a temperature sensitive mutant. In a 
preferred embodiment, the class 1 processing mannosidase 

50 is: Golgi mannosidase 1A: Golgi mannosidase IB: Golgi 
mannosidase 1C; combinations thereof. In a preferred 
embodiment, the class 2 processing mannosidase is: Golgi 
mannosidase II. 

In a preferred embodiment, the cell includes both a class 

55 1 processing mannosidase ami sense molecule and a class 2 
processing mannosidase ami sense molecule. In a preferred 
embodiment, the class 1 processing mannosidase is: Golgi 
mannosidase 1A: Golgi mannosidase IB; Golgi mannosidase 
IC: combinations thereof. In a preferred embodiment, the 

60 class 2 processing mannosidase is: Golgi mannosidase II. 
In a preferred embodiment, die cell includes a molecule, 
e.g., an exogenously supplied molecule, which binds and 
inhibits a mannosidase. The molecule can be* e.g.. a single 
chain antibody, an intracellular protein or a competitive or 

65 non -competitive inhibitor. 

In a preferred embodiment, the class I processing man- 
nosidase activity and the class 2 mannosidase activity can be 
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inhibited by different mechanisms. For example, a class J 
processing mannosidase activity can be inhibited by con- 
tacting the cell with a substrate which inhibits a class 1 
processing mannosidase. e.g.. a class 1 mannosidase inhibi- 
tor, and the class 2 processing mannosidase can be inhibited 5 
by using a cell which is a knockout of a class 2 mannosidase 
and'or includes a class 2 mannosidase amisense molecule. In 
another preferred embodiment a class 2 processing man- 
nosidase activity can be inhibited by contacting the cell with 
a substrate which inhibits a class 2 processing mannosidase. io 
e.g.. a class 2 mannosidase inhibitor, and the class 1 pro- 
cessing mannosidase can be inhibited by using a cell which 
is a knockout of a class 1 mannosidase and/or includes a 
class 1 mannosidase antisense molecule. 

In a preferred embodiment, the hmGCB molecule 15 
includes a carbohydrate chain having 3t least four mannose 
residues. For example, the hmGCB molecule has at least one 
carbohydrate chain having five mannose residues, the 
hmGCB molecule has at least one carbohydrate chain hav- 
ing six mannose residues, the limGCB molecule has at least 20 
one carbohydrate chain having seven mannose residues, the 
hmGCB molecule lias at least one carbohydrate chain hav- 
ing eight mannose residues, the hmGCB molecule has at 
least one carbohydrate chain having nine mannose residues. 
Preferably, the hmGCB molecule has at least one carbohy- 25 
drate chain having five, eight or nine mannose residues. 

In a preferred embodiment, the hmGCB produced (either 
one or more hmGCB molecules or the preparation as a 
whole) has a ratio of mannose residues to GIcNAc residues 
which is greater than 3 mannose residues to 2 GIcNAc 30 
residues, preferably the ratio of mannose to GIcNAc is 4:2, 
5:2, 6:2, 7:2, 8:2, 9:2. more preferably the ratio of mannose 
to GIcNAc is 8:2 or 9:2. 

In a preferred embodiment, the removal of one or more 
mannose residues distal to the pentasaccharide core is pre- 35 
vented on one. two, three or four of the carbohydrate chains 
of the hmGCB molecule. 

. In a preferred embodiment, at least 30%, 40%, 50%, 60%. 
70%, 75%, 80%, 85%, 90%, 95%, 98%, 99% or all of the 
hmGCB molecules of the preparation have at least one, and 40 
preferably two. ihrcc or four carbohydrate chains in which 
the removal of one or more mannose residues distal to the 
pentasaccharide core has been prevented. 

In a preferred embodiment, the hmGCB preparation is a 
relatively heterogeneous preparation. Preferably, less than 45 
80%, 70%. 60%, 50%, 45%, 40% 7 35%, 30%, 25%, 20%, 
15%, 10%. 5% or 1% of the carbohydrate chains in the 
hmGCB preparation have the same number of mannose 
residues in addition to the pentasaccharide core. For 
example, the ratio of carbohydrate chains having the same 50 
number of mannose resides in addition to the pentasaccha- 
ride core to carbohydrate chains having a different number 
of mannose residues can be about: 60%:40%: 5O%:50%; 
40%:60%; 30%:7()%; 25%:75%; 20%:80%;* 15%:85%; 
10%:90%; 5% or lcss:95% or more. 55 

In a preferred embodiment, activity of a class 1 processing 
. mannosidase, e.g., Golgi mannosidase IA and/or Golgi man- 
nosidase IB and/or Golgi mannosidase IC. and activity of a 
class 2 processing mannosidase, e.g., Golgi mannosidase II, 
are inhibited and at least about 60%. 70%. 75%. 80% 85%, 60 
90%, 95%, 98%, 99% or 100% i>f the carbohydrate chains 
in the hmGCB preparation have five or more mannose 
residues, e.g.. five. six. seven, eight and/or nine mannose 
residues. In a preferred embodiment, activity of a class 1 
processing mannosidase, e.g., Golgi mannosidase IA and/or 65 
Golgi mannosidase IB and/or Golgi mannosidase IC, and 
activity of a class 2 processing mannosidase, e.g., Golgi 
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mannosidase 31. are inhibited and the ratio of carbohydrate 
chains having five or more mannose residues to carbohy- 
drate chains having four or less mannose residues, respec- 
tively, is about 60%:40%; 70%:30%: 75%:25%: 80%:20%: 
85%: 15%; 90%: 10%: 95%: 5%: 99%: 1%: or 300%:0%. 

In a preferred embodimeut, the cell includes an exog- 
enous nucleic acid sequence which includes a GCB coding 
region. In a preferred embodiment, the cell further includes 
a regulatory sequence, an endogenous or exogenous regu- 
latory sequence, which junctions to regulate expression of 
the exogenous GCB coding region. 

In a preferred embodiment, the cell inchides an exog- 
enous regulatory sequence which functions to regulate 
expression of an endogenous GCB coding sequence, e.g., 
the regulatory sequence is integrated into the genome of the 
cell such that it regulates expression of an endogenous GCB 
coding sequence. 

In a preferred embodiment, the regulator)' sequence 
inchides one or more of: a promoter, an enhancer, an 
upstream activating sequence (IJAS). a scaffold-attachment 
region or a transcription factor-binding site. In a preferred 
embodiment, the regulatory sequence includes: a regulatory 
sequence from a metal Iothionein-3 gene, e.g., a mouse 
metallothionein-I gene, a regulatory sequence from an 
SV-40 gene, a regulatory sequence from a cytomegalovirus 
gene, a regulatory sequence from a collagen gene, a regu- 
latory sequence from an actin gene, a regulatory sequence 
from an immunoglobulin gene, a regulatory sequence from 
the HMG-CoA reductase gene, or a regulatory sequence 
from the EF-1 a gene. 

In a preferred embodiment, the cell is; a eukaryotic cell.. 
In a preferred embodiment, the cell is of fungal, plant or 
animal origin, e.g.. vertebrate origin. In a preferred embodi- 
ment, the cell is: a mammalian cell, e.g., a primary or 
secondary mammalian cell, e.g., a fibroblast, a hematopoi- 
etic stem cell, a myoblast, a keratinocyte, an epithelial cell, 
an endothelial cell, a glial cell, a neural cell, a cell compris- 
ing a formed element of the blood, a muscle cell and 
precursors of these somatic cells: a transformed or immor- 
talized cell line. Preferably, the cell is a human cell. 
Examples of immortalized human cell lines useful in the 
present method include, but are not limited to: a Bowes 
Melanoma cell (ATCC Accession No. CRL 9607), a Daudi 
cell (ATCC Accession No. CCL 213), a HeLa cell and a 
derivative of a HeLa cell (ATCC Accession Nos. CCL2 
CCL2.1 and CCL 2.2). a HL-60 cell (ATCC Accession No. 
CCL 240). an HT-1080 cell (ATCC Accession No. CCL 
121), a Jurkat cell (ATCC Accession No. TIB 152), a KB 
carcinoma cell (ATCC Accession No. CCL 17). a K-562 
leukemia cell (ATCC Accession No. CCL 243), a MCF-7 
breast cancer cell (ATCC Accession No. BTH 22), a 
MOLT-4 cell (ATCC Accession No. 1582), a Namalwa cell 
(ATCC Accession No. CRL 1432). a Raji cell (ATCC 
Accession No. CCL 86). a RPM1 8226 cell (ATCC Acces- 
sion No. CCL 155). a U-937 cell (ATCC Accession No. 
1 593), WI-28VA13 sub line 2R4 cells (ATCC Accession No. 
CLL 155), a CCRF-CEM cell (ATCC Accession No. CCL 
1 19) and a 2780AD ovarian carcinoma cell (Van Der Blick 
et a!.. Cancer Res. 48:5927-5932, 1988), as well as hetero- 
hybridoma cells produced by fusion of human cells and cells 
of another species. Jn another embodiment, the immortalized 
cell line can be cell line other than a human cell line, e.g., 
a CHO cell line, a COS cell line. In another embodiment, the 
cell can be from a clonal cell strain or clonal cell hue. 

In a preferred embodiment, a population of cells which 
are capable of expressing hmGCB is provided, and at least 
30%, 40%, 50%, 60%, 70%, 75%, 80%, 85%, 90%, 95%. 
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98%. 99% or all of the cells produce hniGCB with at least 
one carbohydrate chain, preferably two. three, or four car- 
bohydrate chains, having the specified number of mannose 
residues. 

ha a preferred embodiment, the cell is cultured in a culture 5 
medhim which includes at least one class 1 processing 
inannosidase inhibitor and at least one class 2 processing 
mannosidase inhibitor. In a preferred embodiment, the 
method further includes obtaining the hmGCB from the 
medium in which the cell is cultured. io 

In another aspect, the invention features a method of 
producing a preparation of hmGCB. The method includes: 

providing a cell into which a nucleic acid sequence 
comprising an exogenous regulatory sequence has been 
introduced such th3l the regulatory sequence regulates the )5 
expression of an endogenous GCB coding region; and 

allowing production of GCB having a precursor oligosac- 
charide under conditions which prevent the removal of at 
least one mannose residue distal to the pentasaccharide core 
of the precursor oligosaccharide of GCB. to thereby produce 20 
an hmGCB preparation. 

In a preferred embodiment, the GCB is human GCB. 

In a preferred embodiment, the removal of: one or more 
a 1.2 mannose residue(s) distal to the pentasaccharide core 
is prevented; an a 13 mannose residue distal to the pen- 25 
tasaccharide core is prevented: and/or an a 1,6 mannose 
residue distal to the pentasaccharide core is prevented. 
Preferably, the removal of one or more a 1.2 mannose 
residue(s) distal to the pentasaccharide core is prevented. 

In a preferred embodiment, the method can include con- 30 
tacting the cell with a substance which prevents the removal 
of at least one mannose residue distal to the pentasaccharide 
core of the precursor oligosaccharide of GCB, e.g.. prevents 
removal of one or more a 1 ,2 mannose residues) distal to 
the pentasaccharide core, an a 1 .3 mannose residue distal to 35 
the pentasaccharide core and/or ana 1.6 mannose residue 
distal to the pentasaccharide core. Preferably, the removal of 
one or more a 1 ,2 mannose(s) residue distal to the pentasac- 
charide core is prevented 

In a preferred embodiment, the method includes contact- 40 
ing the cell with a substance which prevents the removal of 
at least one mannose residue distal to the pentasaccharide 
core of the precursor oligosaccharide of GCB, and the 
substance is a mannosidase inhibitor. The mannosidase 
inhibitor can be a class 1 processing mannosidase inhibitor. 45 
a class 2 processing mannosidase inhibitor or both. The class 

1 processing mannosidase inhibitor can be one or more of: 
kifunensine, dcoxymannojirimycin. or a similar inhibitor. 
Preferably, the class 1 processing mannosidase inhibitor is 

- kifunensine. Usefiil class 2 processing mannosidase inhibi- 50 
tors can include one or more of: swainsonine, mannostatin, 
G-deoxy-DIM, 6-deoxy-6-fluoro-DIM. Preferably, the class 

2 processing mannosidase inhibitor is swainsonine. 

In a preferred embodiment, a mannosidase inhibitor is 
present at a concentration between about 0.025 to 20.0 55 
ug/ml, 0.05 to 10 pg/ml. 0.05 to 5 ug/ml. preferably between 
about 0.1 to 2.0 ug/ml. 

In a preferred embodiment, the method further includes 
contacting the cell with a class 1 processing mannosidase 
inhibitor and a class 2 processing mannosidase inhibitor. In 60 
a preferred embodiment, a class 1 processing mannosidase 
inhibitor is present at a concentration between about 0.025 
to 20.0 ug/ml, 0.05 to 10 ug/ml, 0.05 to 5 ug/ml, preferably 
between about 0.1 to 2.0 ug/ml; a class 2 processing man- 
nosidase inhibitor is present at a concentration between 65 
about 0.025 to 20.0 ug/ml, 0.05 to 10 ug/ml, 0.05 to 5 ug/ml, 
preferably between about 0.1 to 2.0 ug/ml; each of the class 
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1 processing and class 2 processing mannosidase inhibitors 
are present at a concentration between about 0.025 to 20.0 
ug/ml. 0.05 to ]0 ug/ml, 0.05 to 5 ug/ml. preferably between 
about 0.1 to 2.0 jig/mlrthe total concentration of the class 1 
processing and class 2 processing mannosidase inhibitors 
present is between about 0.025 to 40.0 ug/ml. 0.05 to 20 
ug/ml. 0.05 to 1 0 ug/ml, preferably between aboui 0. 1 to 4.0 
ug/ml. 

In a preferred embodiment, the cell carries a mutation for, 
e.g.. a knockout for, at least one mannosidase. *17ie mutation 
can be one which reduces the expression the gene, reduces 
protein or activity levels, or aliers the distribution or other 
post translational modifications of the mannosidase. e.g., the 
processing of ihe carbohydrate chains. The mutation can be 
one which reduces the level of the Golgi processing man- 
nosidase activity, e.g.. one which reduces gene expression, 
e.g., a null mutation, e.g., a deletion, a frameshift or an 
insertion. In a preferred embodiment the mutation is a 
knockout, e.g.. in the mannosidase gene. The mutation can 
affect the structure (and activity of the protein), and can : e.g., 
be a temperature sensitive mutation or a truncation. In a 
preferred embodiment, the cell carries a mutation, e.g., a 
knockout, for a class 1 processing mannosidase: a class 2 
processing mannosidase: a mutant, e.g., a knockout, for a 
class 1 processing mannosidase and a class 2 processing 
mannosidase. In a preferred cmbodjjjjeui, ihe class i pro- 
cessing mannosidase is: Golgi mannosidase IA: Golgi man- 
nosidase IB; Golgi mannosidase 3C; or combinations 
thereof- In a preferred embodiment, the class 2 processing 
mannosidase is: Golgi mannosidase II. 

In a preferred embodiment, the cell includes a nucleic acid 
sequence, such as an antisense molecule or ribozyme. which 
can bind to or inactivate a cellular mannosidase nucleic acid 
sequence, e.g.. mRNA, and inhibit expression of the protein. 
In a preferred embodiment, the nucleic acid sequence is: a 
class 1 processing mannosidase antisense molecule; a class 
2 processing mannosidase antisense molecule: both a class 
1 processing mannosidase antisense molecule and a class 2 
processing mannosidase antisense molecule. In a preferred 
embodiment, the class 1 processing mannosidase is: Golgi 
mannosidase IA; Golgi mannosidase IB: Golgi mannosidase 
IC; combinations thereof. In a preferred embodiment, the 
class 2 processing mannosidase is: Golgi mannosidase II. 

In a preferred embodiment, the cell includes a molecule, 
e.g., an exogenously supplied molecule, which binds and 
inhibits a mannosidase. *l"he molecule can be, e.g.. a single 
chain antibody, an intracellular protein or a competitive or 
non-competitive inhibitor. 

In a preferred embodiment, the hmGCB molecule 
includes a carbohydrate chain having at least four mannose 
residues. For example, the hmGCB molecule has at least one 
carbohydrate chain having five mannose residues, the 
hmCK^B molecule has al least one carbohydrate chain hav- 
ing six mannose residues, the hmGCB molecule has at least 
one carbohydrate chain having seven mannose residues, the 
hmGCB molecule has at least one carbohydrate chain hav- 
ing eight mannose residues, the hmGCB molecule has at 
least one carbohydrate chain having nine mannose residues. 
Preferably, the hmGCB molecule has at least one carbohy- 
drate chain having five, eight or nine mannose residues. 

In a preferred embodiment the hmGCB produced (either 
one or more hmGCB molecules or the preparation as a 
whole) has a ratio of mannose residues to GlcNAc residues 
which is greater than 3 mannose residues to 2 GlcNAc 
residues, preferably the ratio of mannose to GlcNAc is 4:2, 
5:2, 6:2, 7:2, 8:2, 9:2, more preferably the ratio of mannose 
to GlcNAc is 5:2, 8:2 or 9:2. 
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In a preferred embodiment, ihe removal of one or more 
mannose residues distal to the pentasaccharide core is pre- 
vented on one. two, three or four of the carbohydrate chains 
of the hmGCB molecule. 

In a preferred embodiment, at least 30%. 40%. 50%. 60%. 
70%, 75%, 80%, 85%, 90% 95%, 98%. 99% or all of the 
hmGCB molecules of the preparation have at least one. and 
preferably two. three or four carbohydrate chains in which 
the removal of one or more mannose residues distal to the 
pentasaccharide core has been prevented. 

In a preferred embodiment, the hmGCB preparation is a 
relatively heterogeneous preparation. Preferably, less than 
80%. 70% r 60% r 50%, 45%, 40%, 35%, 30%, 25%. 20%. 
15%, 10%, 5% or 1% of the carbohydrate chains in the 
hmGCB preparation have the same number of mannose 
residues in addition to the pentasaccharide core. For 
example, the ratio of carbohydrate chains having the same 
number of mannose resides in addition to the pentasaccha- 
ride core to carbohydrate chains having a different number 
of mannose residues can be about: 60%:40%: 50%:50%: 
40%:60%; 30%:70%: 25%:75%: 20%:80%: 15%:85%: 
10%:90%: 5% or less:95% or more. 

In a preferred embodiment, activity of Golgi mannosidase 
IA and'or IB and/or 1C is inhibited and at least about 60%. 
70%, 75%, 80%, 85%, 90%, 95%, 98%, 99% or 1 00% of the 25 
carbohydrate chains in the hmGCB preparation) hove five or 
more mannose residues ; e.g.. five. six. seven, eight, and/or 
nine mannose residues. In a preferred embodiment, activity 
of Golgi mannosidase I is inhibited and the ratio of carbo- 
hydrate chains having five or more mannose residues to 30 
carbohydrate chains having four or less mannose residues is 
about 60%:40%: 70%:3G%; 75%:25%: 80%:2()%: 85%: 
15%; 90%:10%: 95%:5%: 99%:!%;. or 100%:0%. 

In a preferred embodiment- activity of Golgi mannosidase 
11 is inhibited and at least about 60%. 70%. 75%. 80%. 85%. 35 
90%, 95%, 98%, 99% or 100% of the carbohydrate chains 
in ihe hmGCB preparation have five or more mannose 
residues. In a preferred embodiment, activity of Golgi 
mannosidase U is inhibited and the ratio of carbohydrate 
chains having five or more mannose residues to carbohy- 40 
drate chains having four or less mannose residues is about 
60%:40%; 70%:30%; 75%:25%: 80%:20%: 85%: 15%: 
90%:10%; 95%:5%; 99%:1%; or 100%:0%. 

In a preferred embodiment, the regulatory sequence 
includes one or more of: a promoter, an enhancer, an 45 
upstream activating sequence (IMS), a scaffold-attachment 
region or a transcription factor-binding site. In a preferred 
embodiment, the regulatory sequence includes: a regulatory 
sequence from a metal lothionein-I gene. e.g.. a mouse 
metallothionein-1 gene, a regulators' sequence from an 50 
SV-40 gene, a regulatory sequence from a cytomegalovirus 
gene, a regulatory sequence from a collagen gene, a regu- 
latory sequence from an actin gene, a regulatory sequence 
from an immunoglobulin gene, a regulatory sequence from 
the HMG-CoA reductase gene, or a regulatory sequence 55 
from the EF-la gene. 

In a preferred embodiment, the cell is: a eukaryotic cell. 
In a preferred embodiment, the cell is of fungal, plant or 
animal origin, e.g., vertebrate origin. In a preferred embodi- 
ment, the cell is: a mammalian cell, e.g., a primary or 60 
secondary mammalian cell. e.g„ a fibroblast, a hematopoi- 
etic stem cell, a myoblast, a keratinocytc, an epithelial cell, 
an endothelial cch\ a glial cell, a neural cell, a cell compris- 
ing a formed element of the blood, a muscle cell and 
precursors of these somatic cells: a transformed or immor- 
talized cell line. Preferably, the cell is a hitman cell. 
Examples of immortalized human cell lines useful in the 



12 

present method include, but are not limited to: a Bowes 
Melanoma cell (ATCC Accession No. CRL 9607). a Daudi 
cell (ATCC Accession No. CCL 213), a HeLa cell and a 
derivative of a HeLa cell (ATCC Accession Nos. CCL2. 
5 CCL2.1 and CCL 2.2). a HL-60 cell (ATCC Accession No! 
CCL 240), an HT-1080 cell (ATCC Accession No. CCL 
121), a Jitrkat cell (ATCC Accession No. TIB 152), a KB 
carcinoma cell (ATCC Accession No. CCL 17). a K-562 
leukemia cell (ATCC Accession No. CCL 243), a MCF-7 
10 breast cancer cell (ATCC Accession No. BIH 22). a 
MOLT-4 cell (ATCC Accession No. 1582). a Namalwa cell 
(ATCC Accession No. CRL 1432). a Raji cell (ATCC 
Accession No. CCL 86). a RPM1 8226 cell (ATCC Acces- 
sion No. CCL 155), a U-937 cell (ATCC Accession No. 
15 1 593), W1-2SYA 13 sub line 2R4 cells (ATCC Accession No. 
CLL 155), a CCRF-CEM cell (ATCC Accession No. CCL 
119) and a 2780AD ovarian carcinoma cell (Van Der Blick 
et oh. Cancer Res. 48:5927-5932, 1988). as well as hetero- 
hybridoma cells produced by fusion of human cells and cells 
20 of another species. In another embodiment, the immortalized 
cell line can be cell line other than a human cell line, e.g., 
a CHO cell line, a COS cell line. In another embodiment, the 
cell can be from a clonal cell strain or clonal cell line. 

In a preferred embodiment, a population of cells which 
are capable of expressing hmGCB is provided, and at least 
30%, 40%. 50%, 60%, 70%. 75%, 80%. 85%, 90%, 95%, 
98%, 99% or all of the cells produce hmGCB with at least 
one carbohydrate cliain, preferably two, three, or four car- 
bohydrate chains, having the specified number of mannose 
residues. 

In a preferred embodiment, the cell is cultured in culture 
medium which includes at least one mannosidase inhibitor. 
In a preferred embodiment, the method further includes 
obtaining the hmGCB from the medium in which the cell is 
culntred. 

In another aspect, the invention fea tares an hmGCB 
molecule, e.g., an hmGCB molecule described herein, e.g., 
a human hmGCB, produced by any of the methods described 
herein. Preferably, the hm(K?B molecule includes at least 
one carbohydrate chain, preferably rwo, three, or four car- 
bohydrate chains, having at least four mannose residues of 
a precursor oligosaccharide chain- 
In another aspect, the invention features an hmGCB 
preparation which includes a portion of hmGCB molecules 
which include at least one carbohydrate chain, preferably 
two, tliree, or four carbohydrate chains, having at least four 
mannose residues of a precursor oligosaccharide chain. 
Preferably, the hmGCB preparation is produced by any of 
the methods described herein. 

In a preferred embodiment, the hmGCB is human 
hmGCB. 

In a preferred embodiment, the hmGCB molecule can 
have: at least one carbohydrate chain having five mannose 
residues: at least one carbohydrate chain having six mannose 
residues: at least one carbohydrate chain having seven 
mannose residues: at least one carbohydrate chain having 
eight mannose residues: at least one carbohydrate chain 
having nine mannose residues. 

Jn a preferred embodiment, the hmGCB produced (either 
one or more hmGCB molecules or the preparation as a 
whole) has at least one carbohydrate chain having a ratio of 
mannose residues to GlcNAc residues which is greater than 
3 mannose residues to 2 GlcNAc residues, preferably the 
65 ratio of mannose to GlcNAc is 4:2, 5:2, 6:2, 7:2, 8:2.! 9:2, 
more preferably the ratio of mannose to GlcNAc is 5:2. 8:2 
or 9:2. 
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In a preferred embodiment, at least 30%. 40%. 50%. 60%. antisense molecule and a class 2 processing mannosidase 

70%, 75%, 80%. 85%. 90%, 95%, 9S?*, 99% or all of the amisense molecule. In a preferred embodiment, the class 1 

hmGCB of the preparation have al least one. preferably, two, processing mannosidase is: Golgi mannosidase 1A: Golgi 

three or four carbohydrate chains in which the removal of mannosidase JB; Golgi mannosidase IC: combinations 

one or more mannosc residues distal to the pentasaccharide 5 thereof. In a preferred embodiment, the class 2 processing 

core has been prevented. mannosidase is: Golgi mannosidase J). 

In another aspect, the invention features a cell having at In a preferred embodiment, the cell includes a molecule, 

least one mannosidase activity inhibited and which includes e.g.. an exogenously supplied molecule, which binds and 

a nucleic acid sequence comprising an exogenous regulatory inhibits a mannosidase. The molecule can be. e.g., a single 

sequence which has been introduced such that the regulatory jo chain antibody, an intracellular protein or a competitive or 

sequence regulates the expression of an endogenous GCB non-competitive inhibitor. 

coding region, wherein the cell produces GCB in which the In a preferred embodiment, the hmGCB molecule pro- 
removal of at least one raannose residue distal to the duced by the cell has a ratio of mannose residues to GlcN Ac 
pentasaccharide core of a precursor oligosaccharide of GCB residues which is greater than 3 mannose residues to 2 
is prevented. 15 GlcNAc residues, preferably the ratio of mannose to 
In a preferred embodiment, the cell produces an hmGCB GlcNAc is 4:2. 5:2. 6:2, 7:2. 8:2, 9:2, more preferably the 
preparation, e.g., a human hmGCB preparation, in which the ratio of mannose to GlcNAc is 5:2, 8:2 or 9:2. 
removal of: one or more a 1 .2 mannose residue(s) distal to In a preferred embodiment, the cell is unable to remove of 
the pentasaccharide core is prevented; an a 1,3 mannose one or more mannose residues distal to the pentasaccharide 
residue distal to the pentasaccharide core is prevented: 20 core on one, two, three or four of the carbohydrate chains of 
and/or an a 1 ,6 mannose residue distal to the pentasaccha- hmGCB. 

ride core is prevented. Preferably, the removal of one or In a preferred embodiment, at least 30%, 40%, 50%. 60%. 

more a i ,2 mannose residues) distal to the pentasaccharide 70%, 75%, 80%, 85%, 90%. 95%. 98%, 99% or all of the 

core is prevented. hniGCB molecuies produced by the cell have at least one. 

In a preferred embodiment, at least one mannosidase 25 preferably, two. three or four carbohydrate chains in which 

activity in the cell has been inhibited by contacting ihe cell the removal of one or moje mamiuse residues distal to the 

with a substance which inhibits a mannosidase. In a pre- pentasaccharide core has been prevented, 

ferred embodiment, the substance is a mannosidase inhibi- In a preferred embodiment, the regulatory sequence 

tor. The mannosidase inhibitor can be a class 1 processing includes one or more of: a promoter, an enhancer, an 

mannosidase inhibitor, a class 2 processing mannosidase 30 upstream activating sequence (UAS), a scaffold-attachment 

inhibitor or both. In a preferred embodiment, the class 1 region or a transcription factor-binding site. In a preferred 

processing mannosidase inhibitor can be one or more of: embodiment, the regulatory sequence includes: a regulatory 

kifnnensine and deoxymannojirimycin. Preferably, the class sequence from a metal lothionein-1 gene, e.g., a mouse 

1 processing mannosidase inhibitor is kifunensine. In a mctallothioncin-I gene, a regulatory sequence from an 
preferred embodiment, the class 2 processing mannosidase 35 S\-40 gene, a regulatory sequence from a cytomegalovirus 
inhibitor can be one or more of: swainsonine, mannostatin, gene, a regulatory sequence from a collagen gene, a regu- 
6-deoxy-DIM, and 6-deoxy-6-fluoro-DIM. Preferably, the latory sequence from an actin gene, a regulatory sequence 
class 2 processing mannosidase inhibitor is swainsonine. from an immunoglobulin gene, a regulatory sequence from 

In a preferred embodiment, the cell carries a mutation for, the HMG-CoA reductase gene, or a regulatory sequence 

e.g., a knockout for, at least one Golgi processing mannosi- 40 from the EF-la gene. 

dase. The mutation can be one which reduces the expression In a preferred embodiment, the cell is: a eukaryotic cell, 

of the gene, reduces protein or activity levels, or alters the In a preferred embodiment, the cell is of fungal, plant or 

distribution or other post translational modifications of the animal origin, e.g., vertebrate origin. In a preferred embodi- 

mannosidase, e.g., the processing of a carbohydrate chain. ment, the cell is: a mammalian cell, e.g., a primary or 

The mutant can be one which reduces the level of Golgi 45 secondary mammalian cell, e.g., a fibroblast, a bematopoi- 

processing mannosidase activity, e.g., one which reduces etic stem cell, a myoblast, a keralmocyte, an epithelial cell, 

gene expression, e.g., a null mutation, e.g., a deletion, a an endothelial cell, a glial cell, a neural cell, a cell compris- 

franieshiit, or an insertion. In a preferred embodiment, the ing a formed clement of the blood, a muscle cell and 

mutation is a knockout in the mannosidase gene. The precursors of these somatic cells: a transformed or immor- 

mutation can affect the structure (and activity of the protein), 50 talized cell line. Preferably, the cell is a human cell, 

and can, e.g., be a temperature sensitive mutation. In a Examples of immortalized human cell lines usefol in the 

preferred embodiment, the cell is a mutant, e.g., a knockout, present method include, but are not limited to: a Bowes 

for a class 1 processing mannosidase: a class 2 processing Melanoma cell (ATCC Accession No. CRL 9607). a Daudi 

mannosidase; a class 1 processing mannosidase and a class cell (ATCC Accession No. CCL 213), a Hel.a cell and a 

2 processing mannosidase. In a preferred embodiment, the 55 derivative of a HcLa cell (ATCC Accession Nos. CCL2, 
class 1 processing mannosidase is: Golgi mannosidase 1A: CCL2.1. and CCL 2.2), a HL-60 cell (ATCC Accession No. 
Golgi mannosidase IB; Golgi mannosidase IC: combina- CCL 240), an IIT-1080 cell (ATCC Accession No. CCL 
tions thereof. In a preferred embodiment, the class 2 pro- 121), a Jurkat cell (ATCC Accession No. TIB 152), a KB 
cessing mannosidase is: Golgi mannosidase II. carcinoma cell (ATCC Accession No. CCL 17), a K-562 

In a preferred embodiment, the cell further includes a 60 leukemia cell (ATCC Accession No. CCL 243), a MCF-7 

nucleic acid sequence, such as an antisense molecule or breast cancer cell (ATCC Accession No. B'i*H 22), a 

ribozyme. which can bind to or inactivate a cellular man- MOLT-4 cell (ATCC Accession No. 1 582). a Namahva cell 

nosidasc nucleic acid sequence, e.g., rnRNA, and inhibit (ATCC Accession No. CRL 1432), a Raji cell (ATCC 

expression of the protein. In a preferred embodiment, the Accession No. CCL 86), a RPMI 8226 cell (ATCC Acces- 

nucteic acid sequence is: a class 1 processing mannosidase 65 sion No. CCL 155), a U-937 cell (ATCC Accession No. 

antisense molecule; a class 2 processing mannosidase anti- 1 593), W1-28VA 1 3 sub line 2R4 cells (ATCC Accession No. 

sense molecule; both a class 1 processing mannosidase CLL i55), a CCRF-CEM cell (ATCC Accession No. CCL 
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J 19) and a 2780AD ovarian carcinoma cell (Van Der Blick 
et ah. Cancer Res. 48:5927-5932, J 988). as well as beiero- 
hybridoma cells produced by fusion of human cells and ceUs 
of nnotber species. In another embodiment, the immortalized 
cell line can be cell line oihcr than a human cell line, e.g., 
a CHO cell line, a COS cell line. In another embodiment, the 
cell can be from a clonal cell strain or clonal cell line. 

In another aspect, the invention features a pharmaceutical 
composition which includes an hniGCB molecule, e.g., a 
human hmGCB, which includes at least one carbohydrate 
chain, preferably two. three, or four cjirbohydrate chains, 
having at least four mannose residues of a precursor oli- 
gosaccharide chain, in an amount suitable for treating Gau- 
cher disease. 

In a preferred embodiment, the pharmaceutical composi- 
tion further includes a pharmaceutical^ acceptable carrier or 
diluent. 

Another aspect of the invention features a method of 
treating a subject having Gaucher disease. The method 
includes administering to a subject having Gaucher disease 
an hmGCB preparation, e.g., a human hmGCB preparation, 
which includes at least one carbohydrate chain, preferably 
two. three, or four carbohydrate chains, having at least four 
mannose residues of a precursor oligosaccharide chain, in an 
amount suitable for treating Gaucher disease. 

In another aspect, the invention feapjres a method of 
purifying hmGCB from a sample. The method includes: 
providing a harvested hmGCB product; and subjecting the 
hmGCB product to hydrophobic charge induction chroma- 
tography (HOC) and'or hydrophobic interaction chroma- 
tography (H1C), thereby obtaining purified hmGCB. 

In a preferred embodiment, chromatography material 
MEP HYPERCEL® is used for HOC In another preferred 
embodiment, chromatography material MACROPREP 
METHYLS is used for H1C 

In another preferred embodiment, the method further 
includes subjecting the hmGCB product to ion exchange 
cinematography. The hmGCB product can be subjected to 
HOC and/or H1C prior to ion exchange chromatography or 
the hmGCB product can be subjected to ion exchange 
chromatography prior to HOC and/or H1C Preferably, the 
hmGCB product is subjected to more than one ion exchange 
chromatography step. The ion exchange chromatography 
can be: anion exchange chromatography, cation exchange 
chromatography or both. 

In a preferred embodiment, anion exchange chromatog- 
raphy is performed using one or more of the following 
chromatography materials: Q SEPHAROSE FAST 
FLOW®, MACROPREP HIGH Q SUPPORT®, DEAE 
SEPHAROSE FAST FLOW®, AND MACRO-PREP 
DEAE®. In a preferred embodiment, cation exchange chro- 
matography is performed using one or more of: SP 
Sepharose Fast Flow®, Source 305®. CM Sepharose Fast 
Flow®. Macro- Prep CM Support®, and Macm-l*rep High S 
Support®. 

In a preferred embodiment, the method further includes 
subjecting the hmGCB product to size exclusion chroma- 
tography. Preferably, the size exclusion chromatography is 
performed using one or more of the following chromatog- 
raphy materials: SUPERDEX 200®. SEPHACRYL S-200 
HR® AND BIO-GKI. A 1.5M®. 

In another aspect, the invention features a method of 
purifying hmGCB. The method includes: providing a har- 
vested hmGCB product: subjecting the hmGCB product to 
hydrophobic charge induction chromatography (HOC) and/ 
or hydrophobic interaction chromatography (HIC).; and sub- 
jecting the hmGCB product to one or more of anion 



exchange chromatography, cation exchange chromatogra- 
phy, and size exclusion chromatography, to thereby obtain 
purified hmGCB. 
In a preferred embodiment, chromatography material 

5 MEP HYPERCEL® is used for HOC. In another preferred 
embodiment, chromatography material MACROPREP 
METHYL® is used for HIC. " 

In a preferred embodiment, the method includes using 
anion exchange chromatography. Preferably, anion 

to exchange chromatography is performed using one or more 
of the following chromatography materials: Q 
SEPHAROSE FAST FLOW®. MACROPREP HIGH Q 
SUPPORT®. DEAE SEPHAROSE FAST FLOW®. AND 
MACRO-PREP DEAE®. 

15 In a preferred embodiment, the method includes using 
cation exchange chromatography. Preferably, cation 
exchange chromatography is performed using one or more 
of the following chromatographv materials: SP 
SEPHAROSE FAST FLOW®. SOURCE 30S®. CM 

20 SEPHAROSE FAST FLOW®. MACRO-PREP CM SUP- 
PORT®, AND MACRO-PREP HIGH S SUPPORT®. 

In a preferred embodiment, the method includes using 
size exclusion chromatography. Preferably, the size exclu- 
sion chromatography is performed using one or more of the 

25 following chromatography materials; SUPFRDEX 200®. 
SEPHACRYL S-200 MR® AND BIO-GEL A I.5M&. 

In a preferred embodiment, the hmGCB is subjected to (in 
any order): anion exchange chromatography and cation 
exchange chromatography; anion exchange chromatography 

30 and size exclusion chromatography: cation exchange chro- 
matography and size exclusion chromatography: anion 
exchange chromatography, cation exchange chromatogra- 
phy and size exclusion chromatography. Preferably, the 
hinGCB is subjected to all three of these cliromatography 

35 steps in the following order anion exchange cliromatogra- 
phy, cation exchange chromatography and size exclusion 
chromatography. 

In another aspect, the invention features a method of 
purifying hmGCB. The method includes: providing a har- 

40 vested hmGCB product; subjecting the hmGCB product to 
hydrophobic charge induction chromatography (HOC) and/ 
or hydrophobic interaction chromatography (HIC): subject- 
ing the HOC and/or HIC purified hmGCB product to anion 
exchange chromatography; subjecting the anion exchange 

45 purified hmGCB to cation exchange chromatography: and. 
subjecting the cation exchange purified hmuGCB to si/*? 
exclusion chromatography, to thereby obtain purified 
hmGCB. 

In a preferred embodiment, chromatography material 
50 MEP HYPERCEL® is used for HOC. In another preferred 
embodiment, chromatographv material MACROPREP 
METHYL® is used for HIC. " 

In a preferred embodiment, anion exchange chromatog- 
raphy is performed using one or more of the following 
55 cliromatography materials: Q Sepharose Fast Flow®. Mac- 
roPrep High Q Support®, DEA.E Sepharose Fast Flow®, 
and Macro-Prep DEAE®. 

In a preferred embodiment cation exchange chromatog- 
raphy is performed using one or more of the following 
60 chromatography materials: SP SEPHAROSE FAST 
FLOW®. SOURCE 30S®. CM SEPHAROSE FAST 
FLOW®, M^CRO-PREP CM SUPPORT®. AND 
MACRO PREP HIGH S SUPPORT®. 
Jn a preferred embodiment, size exclusion chromatogra- 
65 phy is performed using one or more of the following 
chromatography materials: SUPERDEX 200®. 
SEPHACRYL S-200 HR® AND BIO-GEL A 1 .'5M®. 
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The term "high mannose glucocerebrosidase (hmGCB)" II; (5) ER glucosyl transferase; (6) endomannosidase: (7) 

as used herein refers to glucocerebrosidase having at least Golgi mannosidase IA. IB and 1C: (8) GIcNAc transferase I; 

one carbohydrate chain having four or more mannose resi- (9) Golgi mannosidase JI. A. Glucose; D. GIcNAc; 

dues from a precursor oligosaccharide. Preferably, the Mannose. Enz>*raes (3) and (7) are inhibited by kifunensine; 

hmGCB has five. six. seven, eight or nine mannose residues 5 enzyme (9) is inhibited by swainsonine. 
from the precursor oligosaccharide chain. Most preferably. 

the hmGCB has five, eight or nine mannose residues from DETAILED DESCRIPTION OF THE 

the precursor oligosaccharide chain. INVENTION 

The term "hmGCB preparation" refers to two or more 

hniGCB molecules. 10 The invention is based, in pan, on the discovery that 

The term "primary cell" includes cells present in a sus- inhibition of the removal of one or more mannose residues 

pension of cells isolated lrom a vertebrate tissue source distal from the pentasaccharide core of a precursor oligosac- 

(prior to their being plated i.e. : attached to a tissue culture charide chain of glucocerebrosidase (GCB). results in high 

substrate such as a dish or flask), cells present in an explant mannose glucocerebrosidase (hmGCB) that is efficiently 

derived from tissue, both of the previous types of cells plated \5 targeted to mannose receptors. The removal of a mannose 

for the first lime, and cell suspensions derived from these residue from the pentasaccharide core of a precursor oli- 

plated cells. The term secondary cell or cell strain refers to gosaccharide chain can be prevented by inhibiting or reduc- 

cells at all subsequent steps in culmring. That is, the first ing the activity of one or more mannosidase enzymes, e.g.. 

time a plated primary cell is removed from the culture one or more class 1 processing mannosidase(s) and/or class 

substrate and replated (passaged), it is referred to herein as 20 2 processing mannosidase<s). By preventing or inhibiting 

a secondary cell, as are all cells in subsequent passages. the removal of one or more mannose residues, hmGCB 

Secondary cells are cell strains which consist of secondary having at least one carbohydrate chain with four or more 

cells which have been passaged one or more times. A cell mannose residues from the precursor oligosaccharide chain 

strain consists of secondary cells that: 1 ) have been passaged can be obtained. 

one or more times; 2) exhibit a finite number of mean 25 Gaucher disease is caused by a deficiency of GCB. GCB 

population doublings in mitnre; 3) exhibit the properties of is required for degradation of giyrosphing'oiipid giucocer- 

contact-inhibited, anchorage dependent growth (anchorage- ebroside. In the absence of GCB. the glucocerebroside 

dependence does not apply to cells that are propagated in accumulates primarily in phagocytic cells, e-g., macropb- 

suspension culture): and 4) are not immortalized. A "clonal ages, and, ultimately, builds up in the liver, spleen and bone 

cell strain*' is denned as a cell strain that is derived from a 30 marrow. 

single founder cell. A "heterogenous cell strain" is defined as Macrophages have mannose receptors. These receptors 

a cell strain that is derived from two or more founder cells. p l ay a roJe in receptor-mediated endocytosis bv these cells. 

"Immortalized cells", as used herein, are cell lines (as hmGCB efficiently targets the mannose receptors on mac- 
opposed to cell strains with the designation "strain" reserved ropbages and improves the uptake of GCB (in the form of 
for primary* and secondary cells), a critical feature of which 35 hmGCB) into these cells. Bv directing GCB (in the form of 
is that they exhibit an apparently unlimited lifespan in hmGCB) to the cells in which glucocerebroside accumu- 
cu ^ lUTe * Iates. hmGCB can be used to hydrolyzc glucocerebroside in 

The term "transfected cell" refers to a cell into which an the macrophages, thereby reducing the subsequent accumu- 
exogenous synthetic nucleic acid sequence, e.g., a sequence lation of this grycolipid in the liver, spleen and bone marrow 
which encodes a protein, is introduced. Once in the cell, the 40 of patients having Gaucher disease, 
synthetic nucleic acid sequence can integrate into the recipi- 
ents cells chromosomal DNA or can exist episoroally. Stan- Glucocerebrosidase 

dard transfection methods can be used to introduce the Nucleotide sequence information is available for genes 

synthetic nucleic acid sequence into a cell. e.g., transfection encoding glucocerebrosidase from various species. (See 

mediated by liposome, porybrene. DEAE dextran-mediated 45 Horowitz et al. (1989) Genomics 4(l):87-96, disclosing the 

transfeclion, electroporation, calcium phosphate precipita- S 61 ^ sequence (SEQ ]D NO: 3 ) and amino acid sequence 

tion or microinjection. The term "transfection" does not (SEQ ID NO:2) of human glucocerebrosidase; Beutleret al. 

include delivery of DNA or RNA into a cell by a virus (1992) Genomics J 2(4): 795-800). 

The term "infected cell" or ''transduced cell" refers to a Mature human GCB has five potential N-liuked grycosy- 

cell into which an . exogenous synthetic nucleic acid 50 lation sites at Asn- 19, Asn-59. Asn- 146, Asn-270, and Asn- 

sequence, e.g., a sequence which encodes a protein, is 462. Glycosylation occurs at four of the five sites in human 

introduced by a virus. Viruses known to be useful for gene tissue derived GCB (Erickson et al. (J 985) J. Biol. Chem. 

transfer include an adenovirus, an adeno-associated virus, a 260:14339-14324). Studies employing site-directed 

herpes virus, a mumps virus, a poliovirus, a retrovirus, a mutagenesis have demonstrated that the site at Asn-462 is 

Sindbis virus, a Ientivirus and a vaccinia virus such as a 55 never occupied (Berg-Fussman et al. (1993) J. Biol. Chem. 

canary pox virus. 268:14861-14866). Approximately 20% of the released 

Other features and advantages of the invention will be glycan chains from human placental GCB were shown to be 

apparent from the following detailed description, and from of the high mannose type containing up to seven mannose - 

the claims. residues, whereas the majority of the glycan chains were of 

60 the complex tvpe with sialylated biantennary and trianten- 

BRIEF DESCRIPTION OF THE DRAWING nary structures. (Takasaki et al. (1984) J. Biol Chem. 

259:10112-10117) 

FIG. 1 is a diagram showing the trimming of N-linked The first event in GCB N-glycosylation is the co-trans- 

glycans as it occurs in the endoplasmic reticulum, the lational transfer in the lumen of the endoplasmic reticulum 

intermediate compartment and in the Golgi apparatus. The 65 (ER) of Glc 3 Man 9 GlcNAc 2 from oligosaccharide-PP-doli- 

enzynies are numbered as follows: (1) a-glucosidase 1; (2) chol to nascent peptide. The presence of the three glucose 

a-giucosidase II; (3) ER mannosidase I; (4) ER mannosidase residues on the donor oligosaccharide allows for efficient 
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transfer to an acceptor asparagine by ohgosaccharyl trans- 
ferase. Following N-glycosylation, the glucose- residues are 
rapidly removed from GCB during the folding process by 
ER glucosidases 1 and II. Two different ER njannosidases are 
each capable of hydroryzing a single mannose residue from 5 
MangGlcNAc 2 to form two different isomers of 
Man s GlcNAc 2 (see FIG. 1). Accessible gjycans are ihen 
further processed in the Golgi to Man 5 GlcNAc, by the 
removal of up to four al,2-linked mannose residues by 
Golgi mannosidase T There arc at least three different 10 
human genes encoding related Golgi mannosidase I iso- 
forms (LA, IB., and 1C) with slightly different substrate 
specificities and tissue expression but all are capable of 
trimming four mannose residues from Man^GlcNAc^ gly- 
cans to form MaiLjGlcNAc- (Trcmblay ci al (Jul. 27, 2000) 1? 
/ Biol. Chem. [cpub ahead of prim]). They arc located on 
chromosomes 6q22, Ip33, and Ip35-36 and their cDNA 
sequences are obtainable from GenBank as X74837. 
AF0271 56, and AF261 655, respectively. 

The final stage of processing that commits a glyean to the 
biosynthelic pathway for complex glycans requires the ini- 
tial conversion of Man 5 GlcNAc 3 to GlcNAcMan 5 GlcNAc 3 
by the action of GlcNAc transferase 1. after which Golgi 
mannosidase II can catalyse the removal of two further 
mannose residues to yield GlcNAcMan^GlcNAc,. This is 
the substrate lor glycan elongation by glycosyl transferases 
located in the trans Golgi and the trans GoJgi network to 
form complex type chains. 

If the high mannose chains transferred to GCB in the 
initial N-glycosylatioh step can be prevented from being 
processed to complex chains in the Golgi. then GCB with 
high mannose chains (hmGCB) will effectively target the 
mannose receptors on reticuloendothelial cells. 

Cells 

Primary and secondary cells to be transfected or infected 
can be obtained from a variety of tissues and include cell 
types which can be maintained and propagated in culture. 
For example, primary and secondary cells which can be 
transfected or injected include fibroblasts, keratinocytes, 
epithelial cells (e.g., mammary epithelial cells, intestinal 
epithelial cells), endothelial cells, glial cells, neural cells, 
formed elements of the blood (e.g.. lymphocytes, bone 
marrow cells), muscle cells and precursors of these somatic 
cell types. Primary cells are preferably obtained from the 
individual to whom the transfected or infected primary or 
secondary cells are administered (i.e., an autologous cell). 
However, primary cells may be obtained from a donor (other 
than the recipient) of the same species (i.e.. an allogeneic 
cell) or another species (i.e.. a xenogeneic cell) (e.g.. mouse, 
rat, rabbit, cat dog, pig. cow. bird, sheep, goat, horse, 
monkey, baboon). 

Primary or secondary cells of vertebrate, particularly 
mammalian, origin can be transfected or infected with an 
exogenous DNA sequence, e.g.. an exogenous DNA 
sequence encoding a therapeutic protein, and produce an 
encoded therapeutic protein stably and reproducibly, both in 
vitro and in vivo, over extended periods of time. In addition, 
the transfected or infected primary and secondary cells can 
express the encoded product in vivo at physiologically 
relevant levels, cells can be recovered after implantation 
and, upon reculruring. to grow and display their prcimplan- 
tation properties. Cells can be modified to reduce cell 
surface histo compatibility complex or foreign carbohydrate 
moieties to reduce immunogenecity. e.g.. a universal donor 
cell. 
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Alternatively, primary or secondary cells of vertebrate, 
particularly mammalian, origin can be transfected or 
infected with an exogenous DNA sequence which includes 
a regulatory sequence. Examples of such regulatory 
sequences inemde one or more of: a promoter, an UAS, a 
scaffold anachment region or a transcription binding site. 
The targeting event can result in the insertion of the regu- 
latory sequence of the DNA sequence, placing a targeted 
endogenous gene under their control (for example, by inser- 
tion of either a promoter or an enhancer, or both, upstream 
of the endogenous gene or regulatory region). Optionally, 
the targeting event can simultaneously result in the deletion 
of an endogenous regulatory sequence, such as the deletion 
of a tissue-specific negative regular sequence, of a gene. The 
targeting event can replace an existing regulatory sequence; 
for example, a tissue-specific enhancer can be replaced by an 
enhancer that has broader or different cell-type specificity 
than the endogenous elements, or displays a pattern of 
regulation or induction that is different from the correspond- 
20 ing nontransfected or noninfected cell. In this regard, the 
endogenous sequences are deleted and new sequences are 
added. Alternatively, the endogenous regulatory sequences 
are not removed or replaced but are disrupted or disabled by 
the targeting event, such as by targeting the exogenous 
?5 sequences within the endogenous regulatory elements. Intro- 
duction of a regulatory sequence by homologous recombi- 
nation can result in primary or secondary cells expressing a 
therapeutic protein which it does not normally express. In 
addition, targeted introduction of a regulatory sequence can 
30 be used for cells which make or contain the therapeutic 
protein but in lower quantities than normal (in quantities less 
than the physiologically normal lower level) or in defective 
form, and for cells which make the therapeutic protein at 
physiologically normal lewis, but are to be augmented or 
35 enhanced in their content or production. Methods of acti- 
vating an endogenous coding sequence are described in U.S. 
Pat. Nos. 5.641,670, 5,733,761 and 5,968,502, the contents 
of wliich are incorporated herein by reference. 

The transfected or infected primary or secondary cells 
40 may also include a DNA sequence encoding a selectable 
marker which confers a selectable phenorype upon them, 
facilitating their identification and isolation. Methods for 
producing transfected primary or secondary' cells which 
stably express the DNA sequence, clonal cell strains and 
45 heterogenous cell strains of such transfected ceJls T methods 
of producing the clonal and heterogenous cell strains, are 
known and described, for example, in U.S. Pat. Nos. 5,641 , 
670, 5,733,761 and 5,968,502, the contents of which are 
incorporated herein by reference. 
50 Transfected primary or secondary cells, can be made by 
electroporation. Electroporation is carried out at appropriate 
voltage and capacitance (and corresponding time constant) 
to result in entry of the DNA constructs) into the primary or 
secondary cells. Electroporation can be carried out over a 
wide range of voltages (e.g.. 50 to 2000 volts) and corre- 
sponding capacitance. Total DNA of approximately 0.1 to 
500 ug is generally used. 

Alternatively, known methods such as calcium phosphate 
precipitation, microinjection, modified calcium phosphate 
60 precipitation and polybrene precipitation, liposome fusion 
and receptor-mediated gene delivery can be used to transfect 
cells. 

Processing of Glucocerebrosidase 
65 Oligosaccharide assembly in cells which have not been 
treated to prevent removal of mannose residues usually 
proceeds as discussed below: 
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The oligosaccharide chains of GCB are attached 10 the 
polypeptide backbone by N-glycosidic linkages. N-Iinked 
glycans have an amide bond that connects the anomeric 
carbon (C-J) of a redncing-tenninal N-acerylgJucosamine 
(GlcNAc) residue of the oligosaccharide and a nitrogen of 5 
an asparagine (Asn) residue of the polypeptide. 

Initiation of N-linked oligosaccharide assembly does not 
occur directly on the Asn residues of the GCB protein, but 
rather involves preassembly of a lipid-linked J 4 sugar 
precursor oligosaccharide which is then transferred to the to 
protein in the ER during or very soon after its translation 
from mRNA. A "precursor oligosaccharide" as used herein 
refers to the oligosaccharide chain involved in the initial 
steps in biosynthesis of carbohydrate chains. A "precursor 
oligosaccharide" can be an oligosaccharide structure which 15 
includes at least the following sugars: Man^GlcNAc^. for 
example, a precursor oligosaccharide can have the following 
structure: Glc 3 Man 9 GlcNAc-. as shown in FIG. 1. The 
precursor oligosaccharide is synthesized while attached via 
a pyrophosphate bridge to a polyisoprenoid carrier lipid, a 20 
dolichol. This assembly involves at least six distinct mem- 
brane bound grycosyltransferases. Some of these enzymes 
transfer monosaccharides from nucleotide sugars,, while 
others utilize dolichoMinked monosaccharides as sugar 
donors. After assembly of the lipid-linked precursor is 25 
complete, another membrane-bound enzyme transfers it to 
sterically accessible Asn residues which occur as part of the 
sequence -Asn-X-Ser/Thr-. 

Glycosylated Asn residues of newly- synthesized GCB 
transiently carry- Glc-MaiiyGIcNACj. also referred to herein 30 
as an "unprocessed carbohydrate chain". 

The processing of N-linked oligosaccharides is accom- 
plished by the sequential action of a number of membrane- 
bound enzymes and begins immediately after transfer of the 
precursor oligosaccharide Glc-Man 9 GlcNAc 2 to the protein. 35 
The terms "processing", "trimming" and "modifying" are 
used interchangeably herein. 

N-linked oligosaccharide processing can be divided into 
three stages: removal of the three glucose residues, removal 
of a variable number of mannose residues, and addition of 40 
various sugar residues 10 the resulting trimmed core. 

The removal of the glucose residues in the first stage of 
processing involves removal of all three glucose residues to 
generate N-linked Man;>GIcNAc 2 . This structure is also 
referred to herein as: Manal-2Manal-2Manal-3[Mana3- 45 
2Manul3(Manal-2Mamil-6)Man«l-6)ManfJl- 
4GlcNAcpi-4GlcNAc (See FIG. 1, sirucmre 9*). Processing 
normally continues to the second stage with removal of 
mannose residues. 

Four of the mannose residues of the Man 9 GlcNAc 2 moi* 50 
ety are bound by a 1.2 linkages. Up to four of these a 
J .2 -linked mannose residues can be removed by mannosi- 
dase IA, IB and 1C to generate N-linked Man 5 . ft GlcNAtv 

Protein-linked Man 5 (ilcNAc 3 can then serve as a sub- 
strate for GlcNAc transferase 1. which transfers a p 1> 55 
linked GlcNAc residue from UDP-GlcNAc to the core a 
13-linked mannose residue to form GlcNAcMan 5 GlcNAc 2 . 
Mannosidase 11 can then complete the trimming phase of the 
processing pathway by removing two mannose residues to 
generate a protein -linked oligosaccharide which contains 60 
within it a Man 3 GluNAc 2 . the "pentasaccharide core". The 
structure GlcNAc Man 3 GlcNAc-j is then a substrate for 
GlcNAc transferase 1), which can transfer a p 1,2-linked 
GlcNAc residue to the a 1.6- linked mannose residue. 

After the trimming phase, monosaccharides are sequen- 65 
tialry added to the growing oligosaccharide chain by a series 
of membrane-bound Golgi glycosyltransferases. each of 



which is highly specific with respect to the acceptor oli- 
gosaccharide, the donor sugar, and the type of linkage 
formed between the sugars. These can include distinct 
GlcNAc transferases (producing p 1.2: 0 1. 4: or 1.6 
linkages): galactosyltransferascs (producing p J, 4; (5 13: 
and a 1 3 linkages): sialyltransferases (one producing a 2. 
3 and another a 2. 6 linkages); fucosyltransferases (pro- 
ducing a 1 .2: a 1 3: a 1 . 4 or a 1 .6 linkages): and a growing 
list of other enzymes responsible for a variety of unusual 
linkages. The cooperative action of these glycosyltrans- 
ferases produces a diverse family of stnicmres collectively 
referred to as "complex" oligosaccharides. These may con- 
tain two. ihree or four outer branches ("antennae") attached 
to the invariant core pentasaccharide. Man 5 GlcNAc 2 . These 
structures are referred to in terms of the number of their 
outer branches: biantennary (two branches), triantennary 
(three branches) or tetraantennary (four branches). The size 
of these complex glycans can vary. 

Processing of High Mannose Glucocerebrosidase 

hmGCB can be produced by reducing or preventing 
cellular carbohydrate modification (i.e.. processing) of 
GCB. Carbohydrate modification can be prevented by 
allowing production of GCB under conditions which pre- 
vent the removal of at least one mannose residue distal to the 
pentasaccharide core of a precursor oligosaccharide chain of 
GCB. For example, one or more of the "trimming" stages 
during the removal of mannose residues from a precursor 
oligosaccharide can he prevented. 

Cellular mannosidases fall into two broad classes: class 1 
processing enzymes, which include ER mannosidase 1. 
Golgi mannosidase IA. IB and IC and which hydrolyze a 
1,2-linked mannose residues, and require Ca 2 * for activity: 
and class 2 processing enzymes, which include ER man- 
nosidase II. Golgi mannosidase H, cytosolic ct-mannosidase. 
and lysosomal a-mannosidase and which have a bmader 
substrate specificity and do not require Ca 2 * for activity. 

The trimming of mannose residues from the precursor 
oligosaccharide involves at least the following mannosidase 
enzymes: Golgi mannosidase IA, IB and IC. and Golgi 
mannosidase II. By inhibiting one or more of these man- 
nosidases during N-Jinked oligosaccharide assembly in a 
cell GCB can be produced which has at least one carbohy- 
drate chain with one or more mannose residues in addition 
to the pentasaccharide core. For example, inhibition of both 
ER mannosidase 1 and Golgi mannosidase 1 can produce 
hmGCB with at least one carbohydrate chain (and preferably 
all chains) having at least eight mannose residues from the 
precursor oligosaccharide: inhibition of Golgi mannosidase 
II can produce hmGCB with at least one carbohydrate chain 
(and preferably all chains) having at least five mannose 
residues from the precursor oligosaccharide. 

Trimming by a mannosidase can be inhibited, for, 
example, by contacting the cell with a substance which 
prevents the removal of one or more mannose residues from 
a precursor oligosaccharide of GCB or by producing GCB in 
a cell which does not produce or produces at deficient levels 
at least one mannosidase, or in a cell which produces a 
mutated and/or inactive mannosidase. For example, the cell 
can be a knockout for at least one mannosidase, can express 
at least one ami sense mannosidase molecule or can be 
dominant negative for at least one mannosidase. 

Substances which Prevent Removal of Mannose Residues 
A substance which prevents the removal of one or more 
mannose residues from a precursor oligosaccharide of GCB 
can be used to produce an hmGCB preparation. For 
example, a cell which expresses GCB can be contacted with 
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a substance which prevents the removal of one or more a 1 .2 
mannose residues of a precursor oligosaccharide of GCB. 
and/or removal of an u 13 mannose residue of a precursor 
oligosaccharide of GCB, and/or removal of an a 1.6 man- 
nose residue of a precursor oligosaccharide of GCB. Pref- 
erably, the substance is a mannosidase inhibitor, e.g.. a class 
3 processing mannosidase inhibitor or a class 2 processing 
mannosidase inhibitor. 

Cellular mannosidases fall into two broad classes on the 
basis of protein sequence homologies (Morcmen et al. 
(1994) Glycobiology 4:133-125). These two classes are 
mechanistically different. Class I enzymes, which include 
ER mannosidase 1 and Golgi mannosidase I isoforms, have 
a mass of about 63-73 kDa, hydrolyze al ,2 -linked mannose 
residues and require Ca 2 * for activity. Class I processing 
mannosidases can be blocked, for example, by treatment 
with a substrate mimic, e.g.. a pyranose analog of mannose. 
For example, class 1 processing mannosidases can be 
blocked by treatment with one or more of the following 
enzymatic inhibitors: kifunensine, deoxymannojirimycin. or 
a combination thereof Class 2 enzymes, which include ER 
mannosidase 1. Golgi mannosidase 31. cystolic ct-mannosi- 
dase, and lysosomal a-mannosidase. have a greater mass of 
about 107-136 kDa. do not require Ca 2 "* for activity and 
have a broader substrate specificity. Class 2 processing 
mannosidases can be blocked, for example, by treatment 
with furanose transition state analogues of the mannosyl 
cation (Daniels et al. (1994) GlycoBioL 4:551-566). For 
example, class 2 processing mannosidases can by blocked 
by treatment with one or more of the following inhibitors: 
swainsonine, 6-deoxy-DIM, 6-deoxy-6-fluoro-DlM, man- 
nostatin A, or combinations thereof. 

Kifunensine can be used as an inhibitor of the endoplas- 
mic reticulum mannosidase I and/or Golgi mannosidase IA 
and/or IB and/or 1C: deoxymannojirimycin can be used as an 
inhibitor of ER mannosidase I. ER mannosidase 11 and/or of 
Golgi mannosidase 1A and/or IB and/or IC; swainsonine can 
be used an inhibitor of Golgi mannosidase II; and mannosta- 
tin A can be used as an inhibitor of Golgi mannosidase 11. 

Use of a mannosidase inhibitor can inhibit the processing 
of a carbohydrate chain of GCB past a certain stage of 
mannose residue trirnming during oligosaccharide assembly. 
For example, contacting a cell with kifunensine can inhibit 
trimming of any. or one, two, three, or four of the mannose 
residues of a "precursor oligosaccharide. 

Processing u-mannosidases can be blocked by treatment 
of cells with one or more of the following enzyme inhibitors: 
Kifuncusinc T an inhibitor of the endoplasmic reticulum I 

and Golgi mannosidase 1 enzymes (Weng and Spiro 

(1993) J. Biol. Ckem 268:25656-25663; Elbein et al. 

(1 990) J. Biol. Ckem 265: 1 5599- J 5605). 
Swainsonine, an inhibitor of the Golgi mannosidase II 

enzyme (Tulsiani et al. (19K2) Biol. Ckem 257: 

7936-7939). 

Dcoxymannojirimycin, an inhibitor of both endoplasmic 
reticulum mannosidases I and II and of Golgi mannosi- 
dase I (Weng and Spiro (1993) J, Biol. Ckem 268: 
25656-25663; Tremblay and Herscovics (2000)J. Biol. 
Ckem. July 27; [epub ahead of print)) 

DIM (l,4-dideoxy-1.4-irniiM>-DTniarjnitol), an inhibitor of 
Golgi mannosidase II (Palamar/yk et a). (1985) Arch. 
Biochem. Biopkys. 243:35-45). 

6-Dcoxy-DIM and 6-deoxy-6-fmoro-DIM, inhibitors of 
Golgi mannosidase II (Winchester et al. (1993) Bio- 
ckem J. 290:743-749). 

Mannostatin A. an inhibitor of Golgi mannosidase II 
(Tropea et al. (1990) Biochemistry 29:10062-10069). 
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Various mannosidase inhibitors can be selected by their 
ability to penetrate particular cell types as well as by the 
inhibitory poiency of the mannosidase inhibitor. For 
example, swainsonine is rapidly internalized by cultured 
5 fibroblasts in a time- and concentration-dependent manner. 
Swainsonine is also a potent inhibitor of a class 2 mannosi- 
dase. e.g.. Golgi mannosidase II. Thus, swainsonine can be 
used to produce hmGCB in cultured fibroblasts, e.g., 
limGCB having at least one carbohydrate chain which has at 
10 least four or rive mannose residues of the precursor oli- 
gosaccharide. In addition, kilunensine is readily token up by 
culmred fibroblasts and is a potent inhibitor of class I 
mannosidases. e.g., ER mannosidase I and Golgi mannosi- 
dase 1. Thus, kifunensine can be used to produce hmGCB in 
15 cultured fibroblasts, e.g., hmGCB having at least one car- 
bohydrate chain which has at least four. five, six, seven, 
eight or nine mannose residues of the precursor oligosac- 
charide. 

Preferably, the mannosidase inhibitor is present at a 

20 concentration of 0.025 to 20.0 ug/mk 0.05 to 10 ug/ml, 0.05 
to 5 ug/mk preferably between about 0.1 to 2.0 ug/mj. For 
example, a class 1 processing niannosidase inhibitor can be 
present at a concentration between about 0.025 to 20.0 
ug/ml, 0.05 to 10 ng/ml. 0.05 to 5 pg/inl. preferably between 

25 about 0.1 to 2.0 ug/ml; a class 2 processing mannosidase 
inhibitor can be present at a concentration between about 
0.025 to 20.0 ug/ml, 0.05 to 10 ug/ml, 0.05 to 5 ug/mk 
preferably between about 0.1 to 2.0 ug/ml: each of the class 
1 processing and class 2 processing maimosidase inhibitors 

30 can be present at a concentration between about 0.025 to 
20.0 ug/ml, 0.05 to 10 ng/ml. 0.05 to 5 ug/ml. preferably 
between about 0.1 to 2.0 ug/ml: or the total concentration of 
the class 1 processing and class 2 processing mannosidase 
inhibitors present can be between about 0.025 to 40.0 ug/ml, 

35 0.05 to 20 ug/ml, 0.05 to 10 ug/ml. preferably between about 
0.1 to 5.0 ug/mi. 

The cell can be contacted with a mannosidase inhibitor by, 
for example, culturing the cell on medium which includes at 
least one mannosidase inhibitor. 

40 

Mannosidase Mutant Cell 
Mannosidase Knockout Cell 

Permanent or regulated inactivation of mannosidase gene 
expression can be achieved by targeting to a mannosidase 

45 locus with a transfected plasmid DNA construct or a syn- 
thetic oligonucleotide. The plasmid construct or oligonucle- 
otide can be designed to several forms. These include the 
following: 1) insertion of selectable marker genes or other 
sequences within an exon of a mannosidase gene: 2) inser- 

so lion of exogenous sequences in regulatory regions of non- 
coding sequence: 3) deletion or replacement of regulatory 
and/or coding sequences: and, 4) alteration of a protein 
coding sequence by site specific mutagenesis. 

In the case of insertion of a selectable marker gene into 

55 coding sequence, it is possible to create an in-frame fusion 
of an endogenous mannosidase exon with the mannosidase 
exon engineered to contain, for example, a selectable marker 
gene. In this way following successful targeting, the endog- 
enous mannosidase gene expresses a fusion uiRNA (man- 

60 nosidase sequence phis selectable marker sequence). More- 
over, the fusion mRNA would be unable to produce a 
functional mannosidase translation product. 

In the case of insertion of DNA sequences into regulatory 
regions, the transcription of a mannosidase gene can be 

65 silenced by disrupting the endogenous promoter region or 
any other regions in the 5' untranslated region (5' UTR) that 
is needed for transcription. Such regions include, for 
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example, translalional control regions and splice donors of 
introns. Secondly, a new regulatory sequence can be inserted 
upstream of the mannosidase gene thai would render the 
mannosidase gene subject to the control of extracellular 
faciors. It would thus be possible to down-rcgulatc or 5 
extinguish mannosidase gene expression as desired for opti- 
mal hmGCB production. Moreover, a sequence which 
includes a selectable marker and a promoter can be used to 
disrupt expression of the endogenous sequence. Finally, all 
or part of the endogenous mannosidase gene could be 10 
deleted by appropriate design of targeting subsiraies. 

In order to create a cell which includes a knockoin of at 
least one chromosomal copy of the human GoJgi mannosi- 
dase 1A, IB or JC gene, the genomic DNA comprising at 
least the 5* "portion of the gene (including regulatory 15 
sequences, 5* UTR. coding sequence) is isolated. For 
example, the GenBank sequence. Accession No.: 
NM0059O7 (human), can be used to generate a probe for 
Golgi mannosidase I A or Accession Nos.: AAF 97058 can be 
used to generate a probe for Golgi mannosidase IB or IC 20 
using polymerase chain reaction (FCR). Oligonucleotides 
for PGR can be designated based upon the GenBank 
sequence. The resulting probe can hybridize to the single 
copy Golgi mannosidase LA. IB or IC gene. This probe can 
then be used to screen a commercially available recombinant ?5 
phage library (e.g^ a library made from human genomic 
DNA) to isolate a clone comprising ail or part of the 
mannosidase I structural genes. Once a recombinant clone 
comprising a mannosidase regulatory and/or coding 
sequence is isolated, specific targeting pJasmids designed to 30 
achieve the inactivation of mannosidase gene expression can 
then be constructed. Inactivation of mannosidase activity 
results from the insertion of exogenous DNA into regulatory 
or coding sequences to disrupt the translational reading 
frame. Inactivation of Ihe enzyme can also be the result of 35 
disruption of mRNA transcription or mRNA processing, or 
by deletion of endogenous mannosidase regulatory or cod- 
ing sequences. 
The nucleic acid sequence of other class I and class 2 
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As the coding strand sequences encoding various man- 
nosidases are disclosed in, for example, Bause (1993) Hvr. 
J. Biochem. 21 7(2): 535-540: Gonzalez et ah (1999)/. Biol 
Che»u 274(30):21375~2I386; Misago et ah (1995) Proc. 
Natl. Acad. Set USA 92(25): 11766-11770: Tremblav et ah 
(1998) Glycubiology 8(6): 585-595, Tremblay et ah (2000) 
J. Bioi Chem. July 27:[epub ahead of print j, antisense 
nucleic acids can be designed according to the rules of 
Watson and Crick base pairing. The antisense nucleic acid 
molecule can comprise sequence complementary to the 
entire coding region of a mannosidase mRNA, but more 
preferably is an oligonucleotide which is complementary to 
only a portion of the coding or noncoding region of a 
mannosidase mRNA. For example, the antisense oligonucle- 
otide can comprise sequence complementary to the region 
surrounding the translation start site of a mannosidase 
mRNA. An antisense oligonucleotide can be, for example, 
about 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, or more 
nucleotides in length. An antisense nucleic acid can be 
constructed using chemical synthesis and enzymatic ligation 
reactions using procedures known in the art. For example, an 
antisense nucleic acid (e.g., an antisense oligonucleotide) 
can be chemically synthesized using naturally occurring 
nucleotides or variously modified nucleotides designed to 
increase the biological stability of the molecules or to 
increase the physical stability of the duplex formed between 
the antisense and sense nucleic acids, e.g., phosphorothioate 
derivatives and acridine substituted nucleotides can be used. 
Examples of modified nucleotides which can be used to 
generate the antisense nucleic acid include 5-fluorouracil, 
5-bromouracil, 5-chlorouracil. 5-iodouraciI, hypoxanthine, 
xanthine, 4-acetylcytosine, 5-(carboxyhydxoxylmethyI) 
uracil, 5^aTboxymethylammomethyl-2-thiouridine, 5-car- 
boxymethylaminomethyluracil, dihydrouracil, beta-D-ga- 
laclosylqueosine. inosine, N6-isopentenyIadenine, 1-meth- 
ylguanine, 1 -methylinosine, 2,2-dimethylguanine. 
2-methyIadcninc, 2-methyIguaninc, 3-methylcytosinc, 
5-methylcytosine, N6-adenine, 7-methyIguanine, 5-methy- 
laminomethyluracih 5-methoxyaminomethyl-2-thiouracfl, 



processing mannosidase arc also available, for example, in 40 beta-D-mannosylqueosine, S'-methoxycarboxymethyluraciL 



GenBank. Using the methods described above for Golgi 
mannosidase IA, IB or IC, a knockout cell for other class 1 
and/or class 2 processing mannosidases can be produced. 

A mannosidase knockout cell can be used, for example, in 
gene therapy. A knockout cell can be administered to a 
subject, e.g., a subject having Gaucher disease, such that the 
cell produces hmGCB in vivo. 

Antisense Mannosidase Nucleic Acid Sequences 

Nucleic acid molecules which are antisense to a nucle- 
otide encoding a mannosidase, e.g., a class I processing or 
class 2 processing mannosidase, can be used as an inacti- 
vating agent which inhibits expression of a mannosidase. 
For example, Golgi mannosidase I A, Golgi mannosidase IB, 
Golgi mannosidase ]C. and/or Golgi mannosidase II expres- 
sion can be inhibited by an antisense nucleic acid molecule. 
An "antisense*' nucleic acid includes a nucleotide sequence 
which is complementary to a "sense" nucleic acid encoding 
a mannosidase, e.g., complementary to the coding strand of 
a double-stranded cDNA molecule or complementary to an 
mRNA sequence. Accordingly, an antisense nucleic acid can 
form hydrogen bonds with a sense nucleic acid. The anti- 
sense nucleic acid can be complementary to an entire 
mannosidase coding strand, or to only a portion thereof. For 
example, an antisense nucleic acid molecule which antisense 
to the "coding region** of the coding strand of a nucleotide 
sequence encoding a mannosidase can be used. 
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5-methoxyuraciI, 2-methyIthio-N-6-isopentenyladenine. 
uracil-5-oxyaeetic acid (v), ybutoxosine, pseudouracil, que- 
osine, 2-lhiocytosine, 5-methyl-2-thiouracil, 2-thiouracil, 
4-thiouracfl, 5-mcihyluracil, uracil -5-oxyacetic acid methy- 
lestcr, uraciI-5-oxyacelic acid (v), 5-meroyl-2-thioitracil, 
3-(3-amino-3-N-2-carboxypropyl) uracil, (acp3)w, and 2,6- 
diaminopurine. Alternatively, the antisense nucleic acid can 
be produced biologically using an expression vector into 
which a nucleic acid has been subcloned in an antisense 
orientation (i.e., RNA transcribed from the inserted nucleic 
acid will be of an antisense orientation relative to a target 
nucleic acid of interest. 

Purification of hmGCB 

The term "purified" hmGCB, as used herein, refers to 
hmGCB that is substantially free of cellular material when 
produced by a cell which expresses GCB. The language 
"substantially free of cellular material" includes prepara- 
tions of hmGCB in which the protein is separated from 
cellular components of the cells in which it is produced. In 
one embodiment , the language "substantially free of cellular 
material" includes preparations of hmGCB having less than 
about 30% (by dry weight) of non-GCB protein (also 
referred to herein as a "protein impurity" or "contaminating 
protein"), more preferably less than about 20% of non-GCB 
protein, still more preferably less than about 10% of non- 
GCB protein, and most preferably less than about 5% 
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non-GCB protein. When ihe hmGCB is obtained (i.e.. 
harvested) from culture media, it is also preferably substan- 
tially free of a component of (be culture medium, i.e., 
components of the culture medium represent less than about 
20%. more preferably Jess than about 10%. and most prcf- 5 
erably less than about 5% of the dry weight of the protein 
preparation. 

Various methods can be used to harvest hmGCB from 
culture media. The term "harvested hmGCB" as used herein 
refers to JimGCB obta in ed from ail rure media or from a cell . i o 
For example, one of the following alternatives can be used 
to prepare the harvested hmGCB prior to a purification 
procedure- These can include: 3 ) filtering the fresh harvest: 
2) filtering the fresh harvest and freezing, e.g., at about -20° 
C. to -80° C. the filtered product until ready for processing 15 
(at which time it can be thawed and, optionally, filtered): 3) 
filtering the fresh harvest, concentrating filtered product 
(e.g., by about 8 to 10 fold), and then, optionally, filtering 
again: 4) filtering the fresh harvest, concentrating filtered 
product (e.g.. by about 8 to 10 fold), optionally, filtering 20 
again, and then freezing, e.g., at about -20° C. to -80° C, 
until ready for processing (at which time it can be thawed 
and, optionally, filtered). Variations of these alternatives can 
also be perfonned. For example, when the harvested product 
or concentrated harvested product is frozen, different har- 25 
vests can be pooled alter thawing and j'iliered. In addition, 
for harvested or concentrated harvested product, the product 
can be held at a cooling temperature, e.g., about 2° C. to 8° 
C, for short periods of time, e.g., about 1 to 3 days, 
preferably 1 day. prior to purification. The harvested product 30 
held at the cooling temperanire can be pooled prior to 
purification. 

When a concentration of harvest is performed, an ultra- 
filtration membrane with a 5,000 to 50,000 mw cutoff, 
preferably a 10.000 to 30,000 mw cutoff, can be employed. 35 
Filter clarification will typically employ a 1.2 pm/0.5 um 
prefiller. followed by a 0.2 um final filter. 

HmGCB can be purified by the following purification 
techniques. For example, hydrophobic charge induction 
chromaiography (HOC) can be used to purify the hmGCB 40 
preparation. Alternatively, hydrophobic interaction chroma- 
tography (MIC) can be used to purify the hmGCB prepara- 
tion. Both HOC and 1IIC are described below. 

HCIC or H1C can be used alone or in combination with 
one or more ion exchange steps. Ion exchange steps that can 45 
be used in combination with an HCIC or HIC step (either 
before or after HCIC or HIC) include the use of anion 
exchange and/or cation exchange chromatography. Gener- 
ally known commercially available anion exchange supports 
used in the purification of proteins bear quaternary ammo- 50 
nium functional groups. Preferred matrices for use in the 
present process are agarose or cellulose based matrices such 
as macrocrystalline cellulose or cross-linked agaroses. Also 
particularly preferred are those matrices bearing diethyl 
arninocthyL iricihyl aminomethyl. ortrimcthyl aminomcthyl 55 
functional groups. A particularly preferred anion exchange 
matrix is trimethyl aminomethyl cross! inked agarose, which 
is commercially available, e.g.. Q-Sepharose Fast FIow(& 
(Pharmacia). Generally known commercially available cat- 
ion exchange supports that may be used in the purification 60 
of proteins bear acidic functionalities, including carboxy and 
sulfonic acids. Matrices containing the cation functionalities 
include various forms of celluloses and polystyrene based 
matrices. For example, weak cation exchangers known in 
the art include, but are not limited to, Carboxymethyl- 65 
Sepbarose& and Carboxymethyl-Celluloseg. Strong cation 
exchangers known in the art include, but are not limited to. 



sulfonated polystyrenes (AG 50W<&, Bio-Rex 70dP), sul- 
fonated celluloses (SP-Sephadex<&). and sulfonated 
Sepharoses (S-Sepharose®)- A particularly preferred cation 
exchange matrix is S-Sepharose Fast FlowCg: (Pharmacia). 

The chromatographic step involving these matrices is 
most preferably conducted as a column chromatography step 
or in alternative a batch absorptive technique, which option- 
airy can be performed at a temperature between 25° C. to 40° 
C Preferably, a salt is added to a washing or ehiting buffer 
to increase the ionic strength of the buffer. Any of the salts 
conventionally nsed may be employed for this purpose as 
can be readily determined by one skilled in the art. with 
NaCl being one of the most frequently and conveniently 
used salts. 

A conventional gel filtration step can also be used in 
combination with the HCIC or HIC chromatography process 
step. Representative examples of these matrices are pofy- 
dex trans cross linked with acrylamides, such as composite 
bydrophilic gels prepared by covalently cross linking allyl 
dextran with N.N'-methylene bisacrylamide and crosslirtked 
cellulose or agarose gels. Commercially available 
crosslinked dextran-acrylamides are known under the trade 
name SephacrylS- and are available from Pharmacia. Com- 
mercially available crosslinked dexlran -agarose resins are 
known under the trade name Sirperdex®, available from 
Pharmacia. A preferred Superdextfc gel is Superdex 200&. 
Examples of crosslinked cellulose gels are those commer- 
cially available cross linking porous cellulose gels, e.g., 
GLC 300® or GLC 1 ,000® that are available from Amicon 
Inc. Silica based resins such as TSK-Gel SW<g>, available 
from TosoHaas can be utilized. Polymer based resins such as 
TSK-Gel PWOfc, TSK Alpha Series^, Toyopearl HW pack- 
ings® (copolymerization of ethylene glycol and methyl 
acrylate polymers) arc also available from TosoHaas. 

Preferably, HCIC or HIC can be combined with one or 
more of these ion exchange steps. When a combination of 
HCIC or HIC and various ion exchange or gel filtration steps 
are used, they can be performed in any order. For example, 
as described below a four step procedure can be followed 
which includes HCIC using hydrophobic charge induction 
chromatography material MEP HYPERCEL& or HIC using 
hydrophobic interaction chromatography material Macro- 
Prep Methyl^:, then ion-exchange chromatography resins Q 
SEPHAROSE FAST FLOW®. SP SEPHAROSE FAST 
FLOW& and lastly size-exclusion chromatographv resin 
SUPERDEX 2(XXJ0. Several of these procedures are set forth 
in more detail below. 

MEP Hypcrccl Chromatography 

MEP (mercaptoethylpyridine) Hypercel® (BioSepra, Life 
Technologies) can be used for HCIC. It is a resin consisting 
of NEP linked to a regenerated cellulose bead of high 
porosity (80-100 microns). The functional group (MEP), 
consisting of a hydrophobic tail and an ionizable head group, 
is uncharged at neutral pH and can bind certain protein 
ligands based on hydrophobic interaction at a physiological 
ionic strength. Elution is accomplished by decreasing pH to 
4 to 5, at which MEP is positively charged, and the protein 
ehaies from the column due to electrostatic repulsion. For 
example, prepared harvest or harvest concentrate can be 
applied directly to the MEP column equilibrated with 25 
mM sodium phosphate, pH 6.8, containing 1 80 mM sodium 
chloride and 2 mM DTT. Optionally, the column can then be 
washed with equilibration buffer containing 25 mM sodium 
caprylate until the absorbance at 280 nm (A280) stabilizes. 
The hmuGCB can be eluted from the column with 50 mM 
sodium acetate, 2 mM DTT, pH 4.7, and the peak as 
monitored at 280 nm can be collected. 
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MacroPrep Methyl Chroma: ography 

An alternative to MEP Hypercel® is Macro Prep 
Methyl, which is a hydrophobic inieraciioD chromatogra- 
phy (H1C) resin. This resin consists of a methyl functional 
group attached to a bead composition of macroporous co- 
polymerized glycol methacrylate and diethylene glycol 
dimeihacrylate. For example, MacroPrep .Methyl® (Bio- 
Rad) chromatography can be performed as follows. The pH 
of the harvest or harvest concentrate is adjusted to 5:6. and 
ammonium sulfate is added to 0.70 M final concentration. 
The prepared harvest can be applied to the MacroPrep 
Methyl® column, which has been equilibrated in 0.70 M 
ammonium sulfate, 10 mM MES, pH 5.6. After application 
of the load, the column is washed with equilibrated buffer 
until the A280 returns to baseline. The hmGCB can be eluted 
with 10 mM MES, pH 5.6. The eluted hmGCB can be 
ultrafiltered and/or diafiltered in preparation for steps such 
as an ion exchange step such as Q Sepharose chromatogra- 
phy, SP Sepharose chromatography and/or Superdex 200 
Chromatography. 

Q Sepharose Chromatography 

Q Sepharose Fast Flow® (Amersham Pharmacia) is a 
relatively strong anion exchange chromatography resia The 
functional substitutent is a quaternary mnine group, which is 
positively charged' over the working pH range of 2 to 1 2. 
Proteins with a net negative chnrge at the working pH will 
tend to bind to the resin at a relatively low ionic strength and 
can be eluted at higher ionic strength or lower pH. HmGCB 
does not bind to Q Sepharose at approximately pH 6 and low- 
ionic strength, but impurities do bind, thereby purifying the 
sample. For example, the following protocol can be used to 
purify hmGCB in the sample by Q Sepharose Fast Flow® 
chromatography. Under appropriate conditions, hmGCB 
flows through this column, so the product is found in the 
flowthrough/wash fraction. Sodium phosphate (250 mM, pH 
6) is added to the MEP elution pool prepared as described 
above to a final concentration of 25 mM. and the pH of the 
pool is adjusted to pH 6 with NaOH (and HCI if necessary). 
'Jlie conductivity is adjusted to 2.5±0.J mS/em by dilution 
with water or by iihranltration/diariltration using 25 mM 
sodium phosphate. 2 mM DTT, at approximately pH 6. The 
material is then filtered and applied to a column of Q 
Sepharose Fast Flow® which has been equilibrated in 25 
mM sodium phosphate. 2 mM DTT, pH 6.0. After applica- 
tion of the load, the column is washed with equilibration 
buffer until the A280 reaches baseline. The flowthrough/ 
wash fraction can then be processed through another col- 
umn, e.g., SP Sepharose Fast Flow® column, shortly there- 
after, e.g.. within 24 hours, or frozen and stored at about 
^20° C. to -80° C. prior to further processing. 

Other strong anion exchange resins, such as Macro-Prep 
High Q Support® (BioRad) can be used in place of Q 
Sepharose. A weaker anion exchange resin such as DEAE 
Sepharose Fast Flow® (Pharmacia) or Macro-Prep DEAF.® 
(BioRad) can also be used. The column is equilibrated in 
buffer, e.g.. 25 mM sodium phosphate, pH 6. The pH of the 
sample is adjusted to pH 6 and the conductivity is adjusted 
by dilution or diafiltration to a relatively low ionic strength, 
which allows impurities to bind to the column and hmGCB 
to flow through. The sample is applied and the column is 
washed with equilibration buffer. Impurities are still bound 
to the column, and can be eluted with application of salt, 
e.g., sodium chloride or potassium chloride, or application 
of a lower pH buffer, or a combination of increased salt and 
lower pH. 

The hmGCB can also be allowed to bind the anion 
exchange column during loading by decreasing the salt 



concentration in the load or by running the column at a 
higher pH, or by a combination of both decreased sah and 
higher pH. 

SP Sepharose Chromatography 
5 SP Sepharose Fast Flow® (Amersham Pharmacia) is a 
relatively strong cation exchange chromatography resin. The 
functional substitutent is a charged sulfonic acid group, 
which is negatively charged over a working pH range of 2 
to 12. Proteins with a net positive charge at the working pH 

10 will lend to bind to the resin at a relatively low ionic strength 
and can be eluted at higher ionic strength or higher pH. 
HmGCB binds to SP Sepharose at approximately pH 6 and 
intermediate ionic strength (e.g.. 6.5 mS/cm) and can be 
eluted at higher ionic strength (e.g., 10.7 mS/cm). Impurity 

15 proteins remain bound to SP Sepharose under conditions of 
IimGCB elution. thereby purifying the hmGCB in the 
sample. For example, the following protocol can be used to 
purily hmGCB by SP Sepharose Fast Flow® chromatogra- 
phy. Sodium chloride (2.0 M stock) is added to the Q 

20 Sepharose® flowthrough/wash until the conductivity is 6.3 
mS/cm. The pH is checked and readjusted to pH 6.0 if 
necessary. Then, addition of sodium chloride stock is con- 
tinued until Oie conductivity is 6.5 mS/cm. The material is 
filtered and applied to a column of SP Sepliarose Fast 

25 Flow®, which has been equilibrated with 25 mM sodium 
phosphate, 44 mM sodium chloride, pH 6.0. After applica- 
tion of the load, the column is washed with equilibration 
buffer until the baseline is reached and eluted with 25 mM 
sodium phosphate, 84 mM sodium chloride. pH 6.0. 

30 HmGCB is found in the elution fraction. 

Another cation exchange resin, e.g.. Source 30S® (Phar- 
macia), CM Sepharose Fast Flow® (Pharmacia). Macro- 
Prep CM Support® (BioRad) or Macro-Prep High S Sup- 
port® (BioRad), can be used as an alternative to SP 

35 Sepharose. The hmGCB can bind to the column at approxi- 
mately pH 6 and low to intermediate ionic strength, such as 
4 to 7 mS/cm. A buffer, e.g., 10 mM sodium citrate, pH 6.0. 
10 mM MES, pH 6.0, 25 mM sodium phosphate. pH 6.0, or 
other buffer with adequate buffering capacity at pH 6.0 can 

40 be used to equilibrate the column. The ionic strength of the 
sample is adjusted by dilution or diafiltration to a level 
which will accommodate binding to the column. The sample 
is applied to the column and the column is washed after the 
load to remove unbound material. A salt, e.g., sodium 

45 chloride or potassium chloride, can be used to elute the 
hmCiCB from the column. Alternatively, the hm(iCB can be 
eluted from the column with a butler of higher pH or a 
combination of higher salt concentration and higher pH. 
The hmGCB can also be made to flow through the cation 

50 exchange column during loading by increasing the salt 
concentration in the equilibration buffer and in the sample 
load, by running the column at a higher pH or by a 
combination of both increased salt and higher pH. 
Superdex 200 Chroinatography 

55 Superdex 200 prep grade® (Amersham Pharmacia) is 
used for size exclusion chromatography of hmGCB. 
whereby molecules are separated by size, molecular mass, 
strokes radius or hydrodynamic volume. Superdex 200 is 
composed of dextran covaJentry cross linked to agarose and 

60 has a fractionation range of 10,000 to 60.000 molecular 
weight for globular proteins. For example, the following 
protocol can be used to purify hmGCB by Superdex 200® 
chromatography. The SP elution pool is concentrated by 
ultrafiltration using a 10,000 mw cutoff membrane. The 

65 concentrated pool is filtered, then applied to a Superdex 200 
prep grade® column which has been equilibrated in 50 mM 
sodium citrate, pH 6.0. The A280 of the column effluent in 
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the initial fractions is collected and. for example, an 8 to 
1 6% SDS polyacrylamide gel is run to determine pooling of 
fractions. Pooling may be decided based on visual inspec- 
tion of the silver-stained ge). 

Other size exclusion chromatography resins sucb as * 
Sephacryl S-200 HR®, Bio-Gel A 1.5 m&, or TosoHaas 
TSK Gel resins can also be used to purify hmGCB. The 
buffer used for size exclusion chromatography of hmGCB is 
50 niM sodium citrate, pH 6.0. Other buffers can also be 
used such as 25 mM sodium phosphate. pH 6.0 containing 
0.15 M sodium chloride. The pH of the buffer can be 
between pH 5 and pH 7 and should have sufficient ionic 
strength to minimize ionic interactions with the column. 

Variations of pH. buffer and/or salt concentration in any 
of the purification protocols described above can be per- 
formed by routine methods to achieve the desired purified 
product. 

Assays for Determining Macrophage Uptake and Cellular 
Targeting of hmGCB 

*i"he uptake efficiency of hmGCB by macrophages can be 
determined by assaying, e.g.. protein levels and/or enzyme 
activity in macrophages. For example, as described in the 
Examples below and in Dimcnt et al. (1987) J. Leukocyte 
Biol 42:485-490. an in vitro assay using a macrophage cell 
line can be used to determine absolute and mannose receptor 
specific uptake of hmGCB. 

In addition, in vivo comparison of uptake of hmGCB and 
GCB by liver cells can be determined as described, for 
example, in Friedman et al. (1999) Blood 93:2807-2816. 
Briefly a mouse mode] can be injected with hmGCB or 
GCB r and then sacrificed shortly thereafter. The liver of the 
animal can then be used to prepare a suspension of liver 
cells., e.g.. parenchymal cells. Kupffer cells, endothelial cells 
and hepatocytes. The cells can then be separated, identified 
by morphology and the protein levels and/or enzymatic 
activity of hmGCB and GCB in the various liver cell types 
can be determined. Alternatively, irnniunobistochemical 
detection may be be used to localize hmGCB to a specific 
cell or eel] type in tissue of treated animals. 

Pharmaceutical Compositions 

High mannose glucocerebrosidase (hmGCB) can be 
incorporated into pharmaceutical compositions suitable for 
administration to a subject, e.g.. a human. The composition 
can include a sufficient dosage of hmGCB to treat a subject 
having Gaucher disease. As used herein the language "phar- 
maceutically acceptable carrier" is intended to include any 
and all solvents, excipients, dispersion media, coatings, 
antibacterial and antifungal agents, isotonic and adsorption 
delaying agents, and the like, compatible with pharmaceu- 
tical aa^ninistration. The use of such media and agents for 
pharmaceutical^ active substances is well known in the art. 
Hxcept insofar as any conventional media or agent is incom- 
patible with the active compound, such media can be used 
in the compositions of the invention. Supplementary active 
compounds can also be incorporated into the compositions. 

A pharmaceutical composition of the invention is formu- 
lated to be compatible with its intended route of adminis- 
tration. Examples of routes of administration include 
parenteral, e.g.. intravenous, intradermal, and subcutaneous 
administration. Preferably, the mute of administration is 
intravenous. Solutions or suspensions used for parenteral 
application can include the following components: a sterile 
diluent such as water for injection, saline solution, fixed oils, 
polyethylene glycols, glycerine, propylene glycol or other 
synthetic solvents; antibacterial agents such as benzyl alco- 
hol or methyl para bens; antioxidants sucb as ascorbic acid or 
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sodium bisulfite: chelating agents such as ethylenediamine- 
letraacetic acid; buffers such as acetates, citrates or phos- 
phates and agents for the adjustment of tonicity such as 
sodium chloride or dextrose. pH can be adjusted with acids 
or bases, such as hydrochloric acid or sodium hydroxide. 
The parenteral preparation can be enclosed in ampoules, 
disposable syringes or multiple dose vials made of glass or 
plastic. 

Pharmaceutical compositions suitable for injectable use 
include sterile aqueous solutions (where water soluble) or 
dispersions and sterile powders, e.g.. lyophilizcd prepara- 
tions, for the extemporaneous preparation of sterile inject- 
able solutions or dispersion. For intravenous administration. 
J5 suitable carriers include physiological saline, bacteriostatic 
water. Cremophor ELdS- (BASF. Parsippany. NJ.) or phos- 
phate buffered saline (PBS). In all cases, the composition 
must be sterile and should be fluid to the extent that easy 
syringability exists. It must be stable under the conditions of 
, ft manufacture and storage and must be preserved against the 
contaminating action of microorganisms such as bacteria 
and fungi. The carrier can be a solvent or dispersion medium 
containing, for example, water, ethanol, pofyol (for example, 
glycerol, propylene glycol, and liquid pofyetheylene glycol, 
^ 5 and the like), and suitable mixtures thereo f. 'ITie proper 
fluidity con be maintained, for example, by the use of a 
coating such as lecithin, by the maintenance of the required 
particle size in the case of dispersion and by the use of 
surfactants. Prevention of the action of microorganisms can 
30 be achieved by various antibacterial and antifungal agents, 
for example, parabens, chlorobutanol, phenol, ascorbic acid, 
thimerosal, and the like. In many cases, it will be preferable 
to include isotonic agents, for example, sugars, polyalcohols 
sucb as manitol. sorbitol, sodium chloride in the composi- 
35 tion. Prolonged stability of the injectable compositions can 
be brought about by including in the composition an agent 
which delays adsorption, for example, aluminum 
monostearate, human serum albumin and gelatin. 

Sterile injectable solutions can be prepared by incorpo- 
40 rating the hmGCB in the required amount in an appropriate 
solvent with one or a combination of ingredients enumerated 
above, as required, followed by filtered sterilization. Gen- 
erally, dispersions are prepared by incorporating the active 
compound into a sterile vehicle which contains a basic 
45 dispersion medium and the required other ingredients from 
those enumerated above. In the case of sterile powders for 
the preparation of sterile injectable solutions, the preferred 
methods of preparation are vacuum drying and freeze- 
drying, e.g.. lyophilization, which yields a powder of the 
5 o active ingredient plus any additional desired ingredient from 
a previously sterile-filtered solution thereof. 

In one embodiment, the active compounds are prepared 
with carriers dial will protect the compound against rapid 
elimination from the body, such as a controlled release 
55 formulation, including implants and microencapsulated 
delivery systems. Biodegradable, biocompatible polymers 
- can be used, such as ethylene vinyl acetate, polyanhydrides, 
polyglycolic acid, collagen, polyorthoesters, and porylactic 
acid. Methods for preparation of such formulations will be 
60 apparent to those skilled in the art. The materials can also be 
obtained commercially from Alza Corporation and Nova 
Pharmaceuticals, Inc. Liposomal suspensions (including 
liposomes targeted to infected cells with monoclonal anti- 
bodies to viral antigens) can also be used as pharmaceuti- 
65 calry acceptable carriers. These can be prepared according to 
methods known to those skilled in the art, for example, as 
described in U.S. Pat. No. 4,522,81 1 . 
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Treatment of Gaucher Disease cyies in the spleen. Such lysosomal storage diseases include. 

HmGCB, e.g.. any hmGCB molecule or preparation btn are not limited to. Farber disease and Neimann-Pick 

described herein, can be used to treat a subject having disease. 

Gaucher disease. Alternately, any mannosidase knockout Farber disease is an autosomal recessive lysosomal stor- 

cell described herein, can be introduced into a subject having 5 age disorder characterized by a deficiency in acid ccrami- 

Gaucher disease to deliver hniGCB to the subject. Various dase. Ceramidases are enzymes responsible for degradation 

routed of administration and various sites can be used. Once of ceramide. If ceramide degradation is insufficient then 

implanted in individual, the knockout cell can produce ceramide accumulates leading to granuloma formation and 

hmCiCB. histiocytic response. (Moser, H. W. Ceramidase deficiency: 

Preferably, the knockout cells used will generally be 10 Farber lipogranulomatosis; Jn: The Metabolic and Molecu- 

patient-specific genetically engineered cells. It is possible. tor Basis of Inherited Disease (C. R. Scriver. A. L. Beaudet. 

however, to obtain cells form another individual of the same W. S. Sly and D. Valle, Eds.), Seventh edition, pp. 

species or form a different species. Use of such cells might 2589-2599. McGraw-Hill Inc.. New York (1995)) 

require administration of an immunosuppressant,, alteration There are several types of Farber disease including Farber 

of histocompatibility antigens, or use of a barrier device to 15 type 1. type 2, type 3. type 4. and type 5 which differ in 

prevent rejection of the implanted cells. severity and sites of major tissue involvement. There is also 

Gaucher disease is an autosomal recessive lysosomal type 6 and type 7 Farber disease. High uiannose acid 

storage disorder characterized by a deficiency hi the lyso- ceramidase can be given to a subject having Farber disease 

somal enzyme, glucocerebrosidase (GCB). GCB hydrolyzes to trea V ie r alleviate or reduce at least one symptom, of the 

the glycolrpid glucocerebroside thai is formed after degra- 20 disease. Symptoms of Farber disease type I include: swell- 

dation of glycosphingolipids in the membranes of white ing of the joints (particularly the interphalangeak metacar- 

blood cells and red blood cells. If GCB hydrolysis is pak ankle, wrist, knee and elbow), palpable nodules in 

insufficient then glucocerebroside can accumulate in mac- relation to the affected joints and over pressure points, a 

rophages (Gaucher cells), causing anemia, thrombocytope- hoarse cry tliat may progress to aphonia., feeding and res- 

nia. organomegaly and major bone problems. 25 piratory difficulty, poor weight gain and intermittent fever. 

There are several types of Gaucher disease including The symptoms usually occur between ages two weeks and 

Gaucher type 1 T type 2 and type 3. which can arise due to *° ur months. Symptoms of Farber type 2 and type 3 include: 

various mutations in the GCB gene. A "therapeutical Iv subcutaneous nodulaes. joint deformities, and laryngeal 

effective amount" of hmGCB, i.e.. a dosage of hmGCB involvement. These subjects survive longer than subjects 

sufficient to treat Gaucher disease, can be given to a subject 30 having Farber type 1. Farber disease type 5 symptoms 

having this disorder. The term "Treat TT as used herein refers include psychomotor deterioration beginning at one to two 

to reducing or inhibiting one or more symptoms of Gaucher ant * na ^ y«5ars of age. 

disease. Symptoms of Gaucher disease type 1 include: skcl- Neim ann-Pick di sense type A and type B are an autosomal 

etal complications such as bone pain, bone lesions, ostcopc- recessive lysosomal storage disorder characterized by a 

ma, osteonecrosis, avascular necrosis and pathological frac- 35 deficiency acid sphingomyelinase. Acid sphingomyelinase 

tares: anemia: hepatosplenomegaly: splenic nodules and >s an enzyme responsible for degradation of sphingomyelin, 

liver dysfunction; thrombocytopenia: and/or delayed growth If sphingomyelinase is deficient, sphingomyelin and other 

and pubertal development. Symptoms of Gaucher disease lipids can accumulate in the monocyte-macrophage system, 

type 11 include the symptoms of Gaucher type 1 as well as (Schuman. H. H. and Desnick, R. J. Neimann-Pick Disease 

neck rigidity. apathy r catatonia, strabismus, increased deep 40 tv P es A and B: acid sphingomyelinase deficiencies; In: The 

reflex and laryngeal spasm. Symptoms of Gaucher disease Metabolic and Molecular Basis of Inherited Disease (C. R. 

type 311 are similar to Gaucberrype II except milder and later Scriver, A. L. Beaudet W. S. Sly and D. Valle. Eds.), 

in onset. * Seventh edition, pp. 2589-2599. McGraw-Hill Inc., New 

A therapeutically effective amount of hmGCB can be York U" 5 )) 

determined on an individual basis and will be based, at least 45 There are sev *raJ types of Neimann-Pick disease inctod- 

in part, on consideration of the size of the patient, the agent in £ VV* A antJ We B - Hi £ n mannose acid sphingomyelinase 

used, die type of delivery system used the time of admin- can be # ven lo a ^i"* Neimann-Pick disease to 

istration relative to the severitv of the disease, and whether Ucal * I C - alleviate or reduce at least one symptom, of the 

a single, multiple, or a controlled release dose regimen is disease. Symptoms of Neimann-Pick disease type A include: 

: employed. Preferably, the dosage of hmCiCB sufficient to - s ° enlargement of the spleen and liver, rymphadenopathy, 

treat Gaucher disease is less than the dosaae of human tissue microcytic anemia, decreased platelet count, hypotonia, 

derived or human placenta derived GCB.~or GCB produced muscular weakness, psychomotor retardation. Symptoms of 

by cells in vitro and then trimmed to expose core mannose Neimann-Pick type B include: enlargement of the liver 

residues. and/or spleen, heptoslenomegaly; pulmonary compromise. 

55 Thus, high mannose lysosomal storage enzymes such as 
Treatment of Other Lysosomal Storage Diseases high mannose acid ceramidase or high mannose acid spin- 
Generally, the invention described herein can be used to gomyelinase can be produced by the methods described 
produce proteins for targeting any cells that express man- herein in order to target these proteins to mannose receptor- 
nose receptors on their surface. Thus, the invention expressing cells, 
described herein can be used to treat any disorder in which 60 

it is desirable to target a protein for treatment lo a mannose EXAMPLES 
receptor-expressing cell. For example, the invention 

described herein can also be applied to other lysosomal In experiments with HT-1080 cells in which the gluco- 

storage enzymes and other lysosomal storage diseases in cerebrosidase gene has been activated as described in U.S. 

which cells, e.g., the cells of reticuloendothelial origin, 65 5,641,670 (Gene- Activated™® GCB (GA-GCB)), the cells 

accumulate undigested substrate. Reticuloendothelial cells were treated with either kifunensine or swainsonine at 

include macrophages, Kupffer cells in the Jiver and histio- concentrations ranging from 0.1 to 2 pg/mL. 
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Effect of Kifunensine or Swainsonine on GA-GCB Glyco- 
forms 

H 1-1080 cells producing GA-GCB were plated in dupli- 
cate 6-well plmes and the Production Medium adjusted to 
the following concentrations of kifiinensine or swainsonine: 
0 (no drug). 0. 1 . 0.25 : 0.5, 1 . and 2 ug/raL. The medium was 
harvested and the cells refed every 24 hours for three days. 
The samples from the third day were subjected to isoelectric 
focusing (1EF) analysis. The effect of kifiinensine and 
swaiasonine on the molecular charge of GA-GCB is shown 
by the IEF analysis. With both drugs, a concentration 
dependent increase in the apparent isoelectric point (pi) was 
observed, with kifunensine causing a much larger shift in pi 
than swainsonine at the highest concentration tested (2 
ug/mJL). 

Effect ofKilhnensine or Swain amine on GA-GCB Produc- 
tion 

Ten roller bottles (surface area, 1700 cm 2 each) were 
seeded in Growth Medium (DMEM with 10% calf serum) 
with HT-10R0 cells producing GA-GCB. Following two 
weeks of growth, the medium was aspirated and 200 niL of 
fresh Production Medium (DMEM/F12. 0% calf serum) was 
added to three sets of roller bottles. Two sets of 4 roller 
bonlcs were treated with 1 ug/mL of cither kifunensine or 
swainsonine. The third group of two roller bottles received 
no drug treatment. After approximately 24 hours, the 
medium from each roller bottle was harvested, pooled and a 
sample taken for GA-GCB enzymatic activity analysis. This 
procedure was repealed for seven days. Stable production of 
GA-GCB was observed Tor all roller bottles throughout the 
seven daily harvests (Table 1). Absolute levels of the 
enzyme, however, varied according to drug treatment group 
with the following average GA-GCB production levels 
observed across the seven harvests: 3S.3±3.5 mg/L (control, 
no drug treatment). 24.5±4.0 mg/L (swainsonine. 1 ug/mL), 
and 21.3i2 r 8 mg/L (kifiinensine. 1 ug/mL). Both drugs, 
therefore, resulted in stable, but lower production levels with 
the largest decrease seen for kifiinensine (44% reduction 
relative to control). 

TABLE 1 

Roller Bonle Production of Ghicocerebjosidase in Cells Treated with 
Mannosidase Inhibitors 
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rophage cell line. The specific objective of the experiment 
was to determine the absolute and mannose receptor-specific 
uptake of GA-GCB in mouse J774E cells. One day prior to 
assay, J774E ceils were plated at 50 T 000 cells/on 2 in 1 2 well 
plates in Growth Medium. For the assay. 0.5 mL of Produc- 
tion Medium (DMEM/F12), 0% calf serum) containing 50 
nM vitamin 03 (1,2-5. Dihydroxy vitamin D3) was added to 
the cells. Unpurified GA-GCB (from harvest 4. Table 1 ) was 
added to the test wells at a final concentration of 10 ug/mL 
in the presence or absence of 2 ug/mL manna n (a competitor 
for the mannose receptor). Three different forms of GA- 
(K;B were used: GA-GCB from cells ireated with kifun- 
ensinc (1 ug/niL), GA-GCB from cells treated with swain- 
sonine (I ug/mL), and GA-GCB (1 ug/mL) from untreated 
cells. Control wells received no GA-GCB. The wells were 
incubated for 4 hours at 37° C_ then washed extensively in 
buffered saline, scraped into GA-GCB enzyme reaction 
buffer, passed through 2 freeze/thaw cycles, and clarified by 
centrifugation. Ilie supemanlant was then quanii la lively 
tested for enzyme activity and total protein. Internalization 
of GA-GCB into mouse J744E cells is shown in Tabic 2 and 
is reported as Units/mg of cell lysate. These results demon- 
strated that uptake of GA-GCB from kifiinensine treated 
cells was 14-fold over background and 73% inhibitable by 
mannan and that uptake of GA-GCB from swainsonine 
treated cells was 7- fold over background and 67% inhib- 
itable by mannan. In addition, they also demonstrate that 
uptake of GA-GCB from untreated cells was approximately 
3-fold over background and 53% inhibitable by mannan. 
Thus, the inhibition of intracellular mannosidases by either 
kifunensine or swainsonine results in GA-GCB that can be 
transported into cells efficiently via the mannose receptor, 
with kifiinensine causing an approximately 2-fold greater 
uptake than swainsonine. Improvement in targeting of GA- 
GCB to cells via mannose receptors can therefore be opti- 
mized by production of GA-GCB in the presence of kifun- 
ensine or swainsonine. 

X^VBLE 2 

Internalization of GluLocerebrosiuase Into J774E Cells. 
Glucocerebrosidase Produced from Cells Treated with Maruiosidase 
Inhibitors 

• Vrhieocerebrosiriasc 

Activity 
(Units/mg cell Jvsate') 



Sample 



Absolute 



Background 
Corrected 



Inhibition 



No drug 35.8 36.6 44.9 40.5 34.6 38.3 37.2 38,3 ± 3.5 
added 

Swain- 28.6 17.4 28.5 27.0 22.9 25.0 223 24.5 ± 4.0 
so nine 
(1 (ig'ml) 

Kifunen- 26.0 22.9 17.7 21.2 18.4 21.0 22.0 21.3 *2.8 
. sine 
(1 po/ml) 

B> Assay performed as follows: test article is mixed with ihe enzyme sub- 
strate (4-methy|mnbelliferyI-p^r>ghtcop>Tanoside) and incubated for 1 
hour at 37* C. The read ion is stopped by the addition of NaOH/Glycine 
buffer Fluorescence b quantified by the use of a fluorescence spectropho- 
tometer. 

b) Specific activity: 2.500 Units/mg. One unit is defined as the conversion 
of 1 uMole of substrate in I hour at 37* C 

Effect of Kifunensine or Swainsonine on GA-GCB Uptake 
into Macrophages 

GA-GCB produced in HT-1080 cells was used in an in 
vitro assay lo detennine uptake efficiency in a mouse mac- 



50 Background (no GA-GCB added) 655 0 — 

GA-GCB from untreated cells 4 2816 2161 — 

Mannan 1678 1 023 53 

GA-GCB from kiAwejisine treated 9185 8530 — 

cells + Mannan 2977 2322 73 

GA-GCB from swainsonine treated 4787 4132 — 

55 cells + Mannan 2036 1 381 67 



60 



°Assay performed as follows: sample is mixed with the enzyme substrate 
(4^ethyhinibeuiieiyl-pvr)-g|u(^yranoside) and incubated for 1 hour at 
37* C. The reaction is stopped by the addition of NaOli'Grycine buffer. 
Fluorescence is quantified by the use of a fluorescence spectrophotometer. 
Total protein determined in freeze/thaw cell ry sales by bidnciionuuc acid 
(BCA). Activity reported as unibfing total protein. One Unit is detiued as 
the conversion of 1 uMolc of substrate in 1 hour at 37* C. 
'Cells treated with drug received 1 ue/mL of either Kirunensine or 
Swainsonine in the presence or absence of mannan (2 ug/mL}. 



6 5 Purification and Characterization of hmGCB 

HmGCB was purified from the culture medium of human 
fibroblasts grown in the presence of kifunensine at a con- 
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centraiion of 2 ug/ml. The four N-linked glycans present on 
hmGCB were released by peptide N-gJycosidase F and 
purified using a Sep-pak CI 8 cartridge. Oligosaccharides 
ehiting in ihe 5% acetic acid fraction were permethylaied 
using sodium hydroxide and methyl iodide, dissolved in 
metbanokwater (80:20). and ponions of the permethylaied 
glycan mixture were analyzed by matrix-assisted laser des- 
orption ionization timc-of-fiight mass spectroscopy 
(MALD1-TOF-MS). The sample was analyzed on a \byager 
SIR Biospectrometry Research Station laser-desorption 
mass spectrometer coupled with Delayed Extraction using a 
matrix of 2,5-dihydroxybcnzoic acid. A pattern of pscudo- 
molecuiar ions is seen in the range m/z 1 500-2500, indi- 
cating the presence of high-mannose glycans ranging from 
Man 5 GicNAc 2 to Man 9 GIcNAc 2 . 

TABLE 3 

Summary of Data Obtained from MALDI-TOF-MS Analysis of N-Glycajis 
from hmGCB from Kifanensine- Treated Cells 

Approximate % of Total 





Peak Assignmcm 


Glycans 


1580 


Man^GicNACj 


1-3 


1730 


Mai^GlcNAcj 


11.2 


1752 






1754 






1934 


Maji 7 GJcNAc 3 


23J 


1957 






1988 






2139 


MaiisGIcKAc^ 


32.0 


2161 






2192 
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TABLE 3-cominued 



Stunmaiy of Data Obtained from MALDI-TOF-MS Aiulvsis of K-G1vc:uk 




from hmGCB from Kifunensine- Treated Cells 






Approximate % cf Total 


M/Z 


Peak Assignmcm 


Glycans 


2343 


Man^GlcNAc, 


31.2 


2365 






2397 






2969 


Biamennary complex 


1.0 



The most abundant high mannose glycans present are 
Man 9 GIcNAc 2 and ManSGIcNAc,, with decreasing abun- 

15 dances of Man 7 GIcNAc 2 . " Man 6 GlcNAc 2 . and 
Man5GlcNAc 2 . A trace amount of a fucosylated biamennary 
complex glycan containing two sialic acid residues was 
observed. An approximate indication of the relative abun- 
dancy of each glycan is obtained by measuring the peak 

2(> heights. See Table 3. A more accurate assessment of the 
average chain length of the high mannose glycans was 
obtained by MALDI-TOF-MS analysis of the intact glyco- 
protein. A sharp peak was obtained at ni/z 62.483.1 due to 
the homogeneity of tbe glycan chains. The mass of the 

2 ~ mature peptide calculated -from the amino acid sequence is 
55.577.6. indicating tbe four N-linked glycan chains con- 
tribute 6905.5 to the total mass of hmGCB. From this 
number, it can be calculated that the average glycan length 
is 8.15 mannose residues. 

30 All patents and references cited herein are incorporated in 
their entirety by reference. 

Other embodiments are within following claims. 



SEQUENCE LISTING 

<160> NUMBER OF SEQ ID NOS : 2 

<210> SEQ ID NO 1 

<211> LENGTH: B850 

<212> TYPE: DNA 

c213> ORGANISM: Homo sapiens 

<400> SEQUENCE: 1 

tctagaaaga ct-tcactgag atcatttaaa gaacaaaaag gatggctggg gtccagcgca 60 

gtggctcatg ccrtgtaatcc cagcactttc ggataccaag gcagcagatc acctgaggtc 120 

cagagtttca gaccagcctg gecaacatag tgaaacccca tctctactaa aaataaaaaa 180 

ottagctgag catgttggag ggcacctgta atcccagcta cttgggaggc tgaggcagga 240 

gaatcaetcg aacccaggag gtggaggttg cagtgageca agatcacgcc actgcactcc 300 

agectgggea acagagtgag actctgtctc aaaaaacaac aacaacaaaa aatacaaaca 360 

agagacaagt agttcccagg tgcctaccaa gtggtcaggc actgeactta cctcactgac 420 

tgeagtaace accctttgag gttgtggcat tgectecatt ttccaggcaa ggaaatggge 480 

tgagagctgg gattagtcag gtcatgactg tgtgtgccac tcccgctaaa tctcatttga 540 

tgtggttcat gaggccacac catggacagc ttcctccttg tgtccactga ggotatggct 600 

ttgtacaaca ctttggtttt ttgaacgact ttacaaaccrt ccctgtcttg tgaggaagga 660 

agaacagtta ttaccatctg catctgatga tgaaacaagg gaegctgeag aggagecgea 720 
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-continued 



ctgaccactc cctccctcca gtcctgtcat cccactgcca gtgtcecacc (rtcttgtgcc 780 

ctgcacttca ctggctaata acecccctca ctttttcctc tgtgaagcca tcctggotaa 84 0 

ttccccaccc acgaatggtc cctcctcotc tcagagagct ctccatgcac acctgttacc 900 

gtttctgtct ttatctgtaa atatctgtgt gtctgacttc catgcctcac acacctctat 960 

agggcaaaga ctgtcttaaa catcttggta gtgtcagtat tttgcacagt gaagtttttt 1020 

tttttaaatt atatcagctt tatttgtacc tttttgacat ttctatcaae aaagaagtgt 1080 

gcctgctgtg gttcccatcc tctgggattt aggagcctct accccattct ccatgcaaat XI 40 

ctgtgttcta ggctcttcct aaagttgtca cccatacatg ccctccagag ttttataggg 1200 

catataatcg taacagatga gaggaagcca* attgcccttt agaaatatgg ctgtgattgc 1260 

ctcacttcct gtgtcatgtg acgctccrtag tcatcacatg acccatccac atcgggaagc 1320 

cggaattact tgcagggcta acctagtgcc tatagctaag gcaggtacct gcatccttgt 1380 

ttttgtttag tggatcctct atccttcaga gactctggaa cccctgtggt cttctcttca 1440 

tctaatgacc ctgaggggat ggagttttca agtccttcca gagaggtaag agagagagct 1500 

cccaatcagc attgtcacag tgcttcrtgga atcctggcac tggaatttaa tgaatgacag 1560 

actctctttg aa-tccagggc catcatggct ctttgegcea ggcacagatg gagggagggg 1620 

tcgaagttga aatgggtggg aagagtggtg gggagca-tcc tgatttgggg tgggcagaga 1680 

gttgtcatca gaagggttgc agggagagct gcacccaggt tttrtgtgggc cttgtcctaa 1740 

tgaatgtggg agaccgggcc atgggcaccc aaaggcagct aagccctgcc caggagagta 1800 

gttgaggggt ggagaggggc ttgcttttca gtcattcctc attctgtcct caggaatgtc 1860 

ccaagccttt gagtagggta agcatcatgg ctggcagcet cacaggattg cttctacttc 1920 

aggcagtgtc gtgggcatca ggtgagtgag tcaaggcagt ggggaggtag cacagagcct 1980 

cccttctgcc tcatagtcct ttggtagcct tccagtaagc tggtggtaga cttttagtag 2040 

gtgctcaata aatccttttg agtgactgag accaactttg gggtgaggat tttgtttttt 2300 

ttcttttgaa acagagtctt actctgttgc ctgggctgga gtgcagtggt gcaattttgg 2160 

ctcattccaa cctctgcctc ccagattcaa gcgattctct tgcttcagct tcccaggtag 2220 

ctgggattac aggcggccac cactacgccc agctaatttt tgtattttta gtagagacgg 2280 

ggtttcacca tgctggcaag gcagg-tctca aactcctcac ctcaggtgat ccgcccacct 234 0 

cggcctccta aagtgctagg attacaggtg tgagcccctg cgcccggcca aggggtgagg 2 400 

aattttgaaa ccgtgttcag tctctcetag eagatgtgtc cattctccat gtcttcatca 2 460 

gacctcactc tgcttgtact ccctccctcc caggtgcccg ccctrtgcatc cctaaaagct 2520 

tcggctacag ctcggtggtg tgtgtctgca atgccacata ctgtgactcc tttgaccccc 2580 

cgacctttcc tgcccttggt accttcagcc gctatgagag taeacgcagt gggcgacgga 2640 

tggagctgag tatggggccc atccaggcta atcacacggg cacaggtaac cattacaccc 2700 

ctcaecccct gggccaggct gggtcctcct agaggtaaat ggtgtcagtg atcaccatgg 2760 

agtttcccgc tgggtactga tacccttatt ccctgtggat gtcctcaggc ctgctactga 2820 

ccctgcegcc agaacagaag ttccagaaag tgaagggatt tggaggggcc atgacagatg 2880 

ctgctgctct caacatcctt gccctgtcac cccctgccca aaatttgcta cttaaatcgt 294 0 

acttctctga agaaggtgeg gaggaagggg acaagatgac atagagccat tgaaactttt 3000 

cgtttttctt ttcttttttt aaaatttttt tgaggcagaa tctcactctg cccattctgt 3060 
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cggcgagaca 


ggagtgcagt 


ggtgtgatct 


cccctcacag 


caacctctgc 


ctcccaggct 


3120 


otagtgattc 


tcctgcctca 


gectectgeg 


tagctggeat 


tataggegtg 


cgecactacc 


3180 


acctggctaa 


tttttgtatt 


tttagtagag 


acagggtttc 


atcatgttga 


ccaggctagt 


3240 


cttaaactcc 


tgacctcaaa 


tgatatacct 


gccttggcct 


cccgaagtgc 


tggaattaca 


3300 


agtgtgagec 


accgagccca 


geagacactt 


ttcttttttc 


tttttttttt 


tttgagacag 


3360 


agtctcgcac 


tgtcacccag 


gctggagtgc 


agtggcacaa 


tctcagctca 


ctgcaacctc 


3420 


eaccteccgg 


gttcaggtga 


ttctcctgtc 


tcagcctctc 


gagtacctgg 


gattacaggt 


3480 


gcctgccacc 


acgcccggct 


aattttttgt 


atttttagta 


gagacagggt 


ttcactatgt 


3540 


tggccaggat 


gattgcgaac 


tcctgacctc 


gtgatctgcc 


cacatcggcc 


tcccaaagtg 


3600 


ctgggattae 


atgcgtgagc 


cactgacact 


tttctttgcc 


ctttctttgg 


accctgactt 


3660 


ctgcccatcc 


ctgacetttg 


gttcctgttt 


taatgccctg 


tgaaataaga 


tttcgccgcc 


3720 


tatcatctgc 


taactgctac 


ggactcaggc 


tcagaaaggc 


ctgcgcttca 


cccaggtgcc 


3780 


agcctccaca 


ggttccaacc 


caggagccca 


agttcccttt 


ggccc-tgact 


cagacactat 


3840 


taggactggc 


aagtgataag 


cagagtccca 


■tact etc eta 


ttgactcgga 


eta cc at ate 


3900 


ttgatcatcc 


ttttctgtag 


gaatcggatn 


t«J?catcatc 


cgggtaccca 


tggcCugetg 


3SGC 


tgacttctce 


atccgcacct 


acacctatgc 


agacaceect 


gatgatttcc 


agttgcaeaa 


4020 


cttcagcctc 


ccagaggaag 


ataccaagct 


caaggtaggc 


attctagctt 


tttcaggccc 


4080 


tgagggccct 


gatgtctggg 


ggttgagaaa 


etgtagggta 


ggtctgcttg 


tacagacatt 


4140 


ttgtccectg 


ctgttttgtc 


ctgggggtgg 


gogggtggag 


gctaatggct 


gaaccggatg 


4200 


cactggttgg 


gctagtatgt 


gttccaactc 


tgggtgcttc 


tctcttcact 


acctttgtct 


4260 


ctagataccc 


ctgattcacc 


gagccctgca 


gttggcccag 


cgtcccgttt 


cactccttgc 


4320 


cagcccctgg 


acatcaccca 


cfctggetcaa 


gaccaatgga 


gcggtgaatg 


ggaaggggte 


4380 


actcaaggga 


cagcccggag 


acatctacca 


ccagacctgg 


gecagatact 


ttgtgaagta 


4440 


agggatcagc 


aaggatgtgg 


gatcaggact 


ggcctcccat 


-ttagccatgc 


tgatctgtgt 


4S00 


cccaaccctc 


aacetagttc 


cacttccaga 


tctgcctgtc 


ctcagctcac 


ctttctacet 


4560 


tctgggcctt 


tcagccttgg 


gcctgtcaat 


cttgcccact 


ccatcaggct 


tcctgttctc 


4620 


tcggtctggc 


ccactttctt 


tttatttttc 


ttcttttttt 


tttttttgag 


aaggagtctc 


4680 


tctctctgtc 


acccaggctg 


gagtgctgtg 


gcgccatctt 


cactcactgt 


aacctctgcc 


4740 


tcctgagttc 


aageeattct 


cctgcctcag 


ccttccaagt 


agctgggatt 


ataggegect 


4800 












eaggcxg ttc 




tcgaactcct 


gaactcaagt 


gatccacctg 


cctcggcttc 


ecaaagtget 


gggattacag 


4920 


gtgtgagcca 


ccacacccag 


ctggtctggt 


ccactttctt 


ggceggatea 


ttcatgacct 


4980 


ttctcttgcc 


aggttcctgg 


atgcctatgc 


tgagcacaag 


ttacagttct 


gggcagtgac 


5040 


agctgaaaat 


gagccttctg 


ctgggctgtt 


gagtggatac 


cccttccagt 


gectgggett 


5100 


cacccctgaa 


catcagcgag 


acttcattgc 


ccgtgaccta 


ggtcctaccc 


tcgccaacag 


5160 


tactcaccac 


aatgtccgcc 


tactcatgct 


ggatgaccaa 


cgcttgctgc 


tgccccactg 


5220 


ggcaaaggtg 


g-taoggcctg 


gacctccatg 


gtgctccagt 


gsccttcaaa 


tccagcatcc 


5280 


aaatgactgg 


ctcccaaact 


tagagegatt 


tctctaccca 


actatggatt 


cctagagcac 


5340 


cattcccctg 


gacctccagg 


gtgccatgga 


tcccacagtt 


gtcgcttgaa 


acctttctag 


5400 


gggcrtgggcg 


aggtggctca 


ctcatgcaaa 


cccagcactt 


tgggaagccg 


aggcgggtga 


5460 
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tcacctgagg tcaggagttt aagaccaccc tggccaacgt gttgaaaccc tgtgtctact 5520 

aaaatacaaa aoaaeaaaat tatctgggca tgatggtggg tgtctgtaat cccagctact 5580 

ceggaggctg agaagggaga atcagttgaa cccgggagat ggtggttgcg gtgagccgag 5640 

atcgcgccec tgcactecag cctgggaggc tgagcgagac tccatctcga aacaaaacaa 5700 

eeceaaacta tctaggctgg gggtggtggt tcatgtatgt atgtgtatat acatatatat 5760 

gtgtttatat gtatatatat atacacacac acacatacat acacacacat acacacacaa 5820 

attagctggg tgtggcaccc gtgtagtccc agctactcag gaggcrtaatg tgggaggatc 5880 

agttgaccct aggaagtcaa ggctgcagtg agtcgtgatt gcgccactgt actccagccc 5940 

gagtgacaga gtgacatcct gtctcaaaaa caaaaaaaaa tcrtccccaaa cetctctag*. 6000 

tgcattcttc cegtcaccca ectccaggat tccrtacoaco ggaacrtagaa gttccageeg 6060 

cctgtgtgca aggtccagga tcagttgctc ttcctttgca ggtactgaca gacccagaag 6120 

cagctaaata tgttcatggc attgctgtac attggtacct ggactttctg gctccagcca 6180 

aagccaccct aggggagaca caccgcctgt tccccaacac eatgctcttt gcctcagagg 6240 

cctgtg-tggg ctccaagttc tgggagcaga gtgtgcggct aggcrtcctgg gatcgaggga 6300 

tgcogtacag ccacagcatc atcacggtaa gccaccccag tctcccttcc tgcaaegcag 6 360 

acctcagacc tcttactagt ttcaccaaag actgacagaa gcccttcctg tccagctttc 6420 

cccagctagc ctgccctttt gagcaactct ggggaaccat gattccertat cttccctttc 6 480 

cttcacaggt ctgcacacct cattgcccct -tttgcaacta ctgaggcact tgcagctgcc 6540 

tcagacttct cagctccccrt tgagatgcct ggatcttcac acccccaact ccttagctac 6600 

taaggaatgt gcccctcaca gggctgacct acccacagct gcctctccca catgtgaccc 6660 

ttecctacac tctctgggga cccccagtgt tgagcctttg tctctttgcc tttgtcctta 6720 

ccctagaacc tcctgtacca tgtggtcggc tggaccgact ggaaccttgc cctgaacccc 6780 

gaaggaggac ccaattggg* gcgtaacttt gtcgacagtc ccatcattgt agacatcacc 6840 

aaggacacgt tttacaaaca gcccatgttc taccaccttg gccacttcag gtgagtggag 6900 

ggcgggcacc cccattccat accaggccta tcatctccta catcggatgg cttacatcac 6960 

tctacaccac gagggagcag gaaggtgttc agggtggaac ctcggaagag gcacacccat 7 020 

ccccttttgc accatggagg caggaagtga ctaggtagca acagaaaacc ccaatgcctg 7080 

aggctggoct gcga-bgcaga aaagcagggt cagtgcccag cegcatggct ccaggcctag 7140 

agagccaggg cagagcctct gcaggagtta tggggtgggt ccgtgggtgg gtgacttctt 7200 

agatgagggt ttcatgggag gtaccccgag ggactctgac catctgttcc cacattcagc 7260 

aagttcattc ctgagggctc ccagagagtg gggctggttg ccagtcagaa gaacgacctg 7 320 

gacgcagtgg cactgatgca tcccgatggc tctgctgttg tggtcgtgct aaaccggtga 7 380 

gggcaatggt gaggtctggg aagtgggctg aagacagcgt tgggggcctt ggcaggatca 7440 

cacttrtcagc ttctcetcec tgctccctag ctcctctaag gatgtgcctc ttaccatcaa 7500 

g gat cert get gtgggcttcc tggagacaat ctcacctggc tactccattc acacctacct 7560 

gtggcgtcgc cagtgatgga gcagatactc aaggaggcac tgggctcagc ctgggcatta 7620 

aagggacaga gtcagctcac acgctgtctg -tgactaaaga gggcacagca gggccagtgt 7680 

gagcttacag egaegtaage ccaggggcaa tggtttgggt gactcacttt cccctctagg 7740 

tggtgccagg ggctggaggc ccctagaaaa agatcagtaa gccccagtgt ccccccagcc 7800 
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cccatgctta 


tgtgaacatg 


cgctgtgtgc 


tgcttgcttt ggaaactggg 


cctgggtcca 


7860 


ggcctagggt 


gagctcactg 


tccgtacaaa 


cacaa gat ca gggctgaggg 


taaggaaaag 


7920 


aagagactag 


gaaagctggg 


cccaaaactg 


gagactgttt gtctttcctg 


gagatgcaga 


7980 


actgggcccg 


tggagcagca 


gtgtcagcat 


cagggcggaa gccttaaagc 


agcagcggg-t 


8040 


gtgcccaggc 


acccagatga 


ttcctatggc 


accagccagg aaaaatggca 


gctcttaaag 


8100. 


gagaaaatgt 


ttgagcccag 


tcagtgtgag 


tggctttatt ctgggtggca 


gcaccccg-tg 


8160 


tccggctgta 


ccaacaacga 


ggaggcacgg 


gggcctctgg aatgcatgag 


agtagaaaaa 


8220 


ccagtcttgg 


gagcgtgagg 


acaaatcatt 


cctcttcatc trtcctcagcc 


atgcccaggg 


8280 


tccgggtgcc 


tggggcccga 


gcaggcgttg 


cccgctggat ggagacaatg 


ccgctgagca 


8340 


aggcgtogcc 


caccatggct 


gccagtcctg 


ccagcacaga taggatctgg 


ttccggcgcc 


8400 


ggtatggctc 


ctcctcagtc 


tctgggcctg 


ctggtgtctg gcgttgcggt 


ggtacctcag 


8460 


ctgagggtca 


aggaaggaag 


gtgtgttagg 


agaactagtt cttggatccc 


-tgcccactct 


8520 


ccccagggct 


gcccctccca 


tctgcccett 


acctccatcc caggggaagt 


agagactgag 


8580 


aatgtgggta 


caataggcac 


agaggttgtg 


cagcccacgc aggtggacct 


gcagcttccc 


8640 


actgggcagc 


tttgcrrtaca 


■J 3 373" 


csagtagctg aagacgaagg 




6700 


ggcagggctg 


gagcagagag 


agaagggtgg 


gatggaggag aaccactggg 


gtagaagggg 


8760 


taaagatgga 


gctggaggaa 


gagtcagcct 


tgggaggtgg gcrtctgggca 


gcaggcggcc 


8 820 


accaggaagg 


acaggacaca 


cagttctaga 






8850 



<210> SEQ ID HO 2 

<e211> LENGTH : 536 

<212> TYPE t PRT 

<213> ORGANISM: Homo sapiens 

<400> SEQUENCE t 2 

Met Glu Phe Ser Ser Pro Ser Arg Glu Glu Cys Pro Lys Pro Leu Ser 
15 10 15 

Arg Val Ser lie Met Ala Gly Ser Leu Thr Gly Leu Leu Leu Leu Gin 
20 25 30 

Ala Val Ser Trp Ala Ser Gly Ala Arg Pro Cys lie Pro Lys Ser Phe 
35 40 45 

Gly Tyr Ser Ser Val Val Cys Val Cys Asn Ala Thr Tyr Cys Asp Ser 
50 55 60 

Phe Asp Pro Pro Thr Phe Pro Ala Leu Gly Thr Phe Ser Arg Tyr Glu 
65 70 75 80 

Ser Thr Arg Ser Gly Arg Arg Met Glu Leu Ser Met Gly Pro lie Gin 
85 90 95 

Ala Asn His Thr Gly Thr Gly Leu Leu Leu Thr Leu Gin Pro Glu Gin 
100 105 110 

Lys Phe Gin Lys Val Lys Gly Phe Gly Gly Ala Met Thr Asp Ala Ala 
US 120 125 

Ala Leu Asn He Leu Ala Leu Ser Pro Pro Ala Gin Asn Leo Leu Leu 
130 135 140 



Lys Ser Tyr Phe Ser Glu Glu Gly He Gly Tyr Asn He He Arg Val 
145 150 155 160 

Pro Met Ala Ser Cys Asp Phe Ser He Arg Thr Tyr Thr Tyr Ala Asp 
165 170 175 

Thr Pro Asp Asp Phe Gin Leu His Asn Phe Ser Leu Pro Glu Glu Asp 
180 18S 190 
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-cont inued 



Thr Lys Leu Lys He Pro Leu He Hie Arg Ala Leu Gin Leu Ale Gin 
195 200 205 

Arg Pre Val Ser Leu Leu Ala Ser Pro Trp Thr Ser Pro Thr Trp Leu 
210 215 220 

Lys Thr Asn Gly Ala val Asn Gly Lys Gly ser Leu Lys Gly Gin Pro 
225 230 235 240 

Gly Asp He Tyr His Gin Thr Trp Ala Arg Tyr Phe Val Lys Phe Leu 
245 250 255 

Asp Ala Tyr Ala Glu His Lys Leu Gin Phe Trp Ala Val Thr Ala Glu ' 
260 265 270 

Asn Glu Pro Ser Ala Gly Leu Leu Ser Gly Tyr Pro Phe Gin Cys Leu 
275 280 285 

Gly Pbe Thr Pro Glu His Gin Arg Asp Phe He Ala Arg Asp Leu Gly 
290 295 300 

Pro Thr Leu Ala Asn Ser Thr His His Asn Val Arg Leu Leu Met Leu 
305 310 315 320 

Asp Asp Gin Arg Leu Leu Leu Pro Hie Trp Ala Lys Val Val Leu Thr 
325 330 335 

Asp Pro Glu Ala Ala Lys Tyr Val His Gly He Ala Val His Trp Tyr 
340 345 350 

Leu Asp Phe Leu Ala Pro Ala Lys Ala Thr Leu Gly Glu Thr His Arg 
355 360 365 

Leu Phe Pro Asn Thr Met Leu Phe Ala Ser Glu Ala Cys Val Gly Ser 
370 375 380 

Lys Phe Trp Glu Gin Ser Val Arg Leu Gly Ser Trp Asp Arg Gly Met 
385 390 395 400 

Gin Tyr Ser His Ser lie He Thr Asn Leu Leu Tyr His Val Val Gly 
405 410 415 

Trp Thr Asp Trp Asn Leu Ala Leu Asn Pro Glu Gly Gly Pro Asn Trp 
420 425 430 

Val Arg Asn Phe Val Asp Ser Pro He He Val Asp He Thr Lys Asp 
435 440 445 

Thr Phe Tyr Lys Gin Pro Met Phe Tyr His Leu Gly His Phe Ser Lys 
450 455 460 

Phe He Pro Glu Gly Ser Gin Arg Val Gly Leu Val Ala Ser Gin Lys 
465 470 475 480 

Asn Asp Leu Asp Ala Val Ala Leu Met His Pro Asp Gly Ser Ala Val 
485 490 495 

Val Val Val Leu Asn Arg Ser Ser Lys Asp Val Pro Leu Thr He Lys 
500 505 510 

Asp Pro Ala Val Gly Phe Leu Glu Thr He Ser Pro Gly Tyr Ser He 
515 520 525 

Hia Thr Tyr Leu Trp Arg Arg Gin 
530 535 



What is claimed: 

1. A method of producing a preparation of high mannose 60 
glucocerebrosidase (hmGCB) comprising a carbohydrate 
chain having at least four mannose residues, comprising: 

providing a mammalian cell that expresses a human 
ghicoccrcbrosidasc (GCB); 

65 

contacting the cell with kifunensine; 
allowing the cell to produce hmGCB; and 



harvesting the hmGCB from the cell or its culture media, 
to thereby produce an hmGCB preparation. 

2. The method of claim 1, wherein removal of one or more 
a 1 .2 mannose residue(s) distal to the pentasaccharide core 
is prevented. 

3. The method of claim 1, wherein the kifunensine is 
present at a concentration between about 0.05 to 20.0 ug/ml. 

4. The method of claim 3, wherein the kifunensine is 
present at a concentration between about 0.1 to 2.0 ug/ml. 



US 7,1 

49 

5. The method of claim 3. further comprising contacting 
the cell with a class 2 processing mannosidase inhibitor. 

6. llie method of claim 5. wherein the class 2 processing 
mannosidase inhibitor is selected from the group consisting 
of: swainsoninc. mannostatin. 6-dcoxy DIM. 6-dcoxy-6- . 
fluoro-DIM and combinations thereof. 

7. The method of claim 5, wherein the class 2 processing 
mannosidase uihibitor is swainsonine. 

8. The method of claim 5. wherein the class 2 processing 
mannosidase inhibitor is present at a concentration between to 
0.05 to 20.0 ng/ml. 

9. The method of claim 1, wherein the hmGCB has at least 
one carbohydraie chain having five mannose residues. 

10. The method of claim 3, wherein the hmGCB has at 
least one carbohydrate chain having eight mannose residues. 15 

11. The method of claim 1. wherein the hmGCB has at 
least one carbohydrate chain having nine mannose residues. 

12. The method of claim 1 r wherein the removal of one or 
more mannose residues distal to the pentasaccharide core is 
prevented on at least two carbohydrate chains of hmGCB. 

13. The method of claim 1. wherein at least 60% of the 
limGCB of the preparation have one or more carbohydrate 
chains in which the removal of one or more mannose 
residues distal to the pentasaccharide core has been pre- 
vented. 

14. The method of claim 33. wherein the removal of three 
or more mannose residues distal to the pentasaccharide core 
has been prevented. 

15. The method of claim 1, wherein at least about 20% of 
the hmGCB of the preparation have one or more carbohy- 
drate chains having at least eight mannose residues. 

16. The method of claim J 5, wherein at least about 40% 
of the hmGCB of the preparation have one or more carbo- 
hydrate chains having at least eight mannose residues. 

17. Hie method of claim 3 6. wherein at least about 60% 
of the hmGCB of the preparation have one or more carbo- 
hydrate chains having at least eight mannose residues. 

18. The method of claim 1. wherein at least about 80% or 
more of the carbohydrate chains of the hmGCB preparation 
have six or more mannose residues. 

19. The method of claim 1. wherein the cell is a human 
cell and is a knockout for a class 2 processing mannosidase. 

20. The method of claim 1. wherein the cell is a human 
cell and comprises a class 2 processing mannosidase anti- 
sense molecule. 

23 . The method of claim 3. wherein the cell comprises an 
exogenous nucleic acid sequence comprising a GCB coding 
region. 

22. The method of claim 23, wherein the cell further 
comprises an exogenous regulatory sequence which func- 
tions to regulate expression of the GCB coding region. 

23. The method of claim 3. wherein the cell comprises an 
exogenous regulatory sequence which functions to regulate 
expression of an endogenous GCB coding sequence. 

24. The method of claim 3. wherein the cell is a primarv 
cell. 

25. The method of claim 3. wherein the cell is a secondary 
cell. 

26. The method of claim 1. wherein the cell is a human 
cell. 

27. The method of claim 26, wherein the ceD is a 
fibroblast or a myoblast. 

28. The method of claim 26, wherein the cell is an 
immortalized cell. 

29. The method of claim 27. wherein the cell is an 
HT-1 080 cell. 
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30. The method of claim 3. wherein the cell is contacted 
with kifunensine in culture media. 

33. The melhod of claim 30, wherein ihe hmGCB is 
obtained from the media in which the cell is culm red. 

32. A method of producing a preparation of high mannose 
gfococerebrosidase (hmGCB) comprising a carbohydrate 
chain having at least four mannose residues, the method 
comprising: 

providing a human cell into which a nucleic acid sequence 
comprising an exogenous regulatory sequence has been 
introduced such that the regulatory sequence is oper- 
ably linked to. and regulates the expression of an 
endogenous GCB coding region; 
contacting the cell with a class 1 mannosidase inhibitor 
such that the removal of at least one mannose residue 
distal to the pentasaccharide core of a precursor oli- 
gosaccharide of GCB is prevented: and 
allowing the cell to produce hmGCB. to thereby produce 
an hmGCB preparation. 

33. The method of claim 32. wherein the -mannosidase 
inhibitor prevents the removal of one or more a 1 .2 mannose 
residues) distal to the pentasaccharide core. 

34.. The method of claim 32. wherein the mannosidase 
inhibitor further prevents the removal of one a 1 3 mannose 
residue distal to the pentasaccharide core. 

35. The melhod of claim 32. wherein the mannosidase 
inhibitor further prevents the removal of one a 1 .6 mannose 
residue distal to the pentasaccharide core. 

36. The method of claim 32. wherein the class 1 process- 
ing mannosidase inhibitor is kifunensine. 

37. ]"be method of claim 36. wherein the kifunensine is 
present at a concentration between about 0.05 to 20.0 ug/ml. 

38. The method of claim 37. wherein the kifunensine is 
present at a concentration between about 0.1 to 2.0 ug/ml. 

39. I"he melhod of claim 32. wherein the cell is further 
contacted with a class 2 mannosidase inhibitor. 

40. The method of claim 39, wherein the class 2 process- 
ing mannosidase inhibitor is selected from the group con- 
sisting of: swainsonine. mannostatin. 6-deoxy DIM. 
6-deoxy-6-fluoro-DJM and combinations thereof. 

41. The method of claim 39, wherein the class 2 process- 
ing mannosidase inhibitor is swainsonine. 

42. The method of claim 39, wherein the class 2 process- 
ing mannosidase inhibitor is present at a concentration 
between 0.05 to 20.0 ug/ml. 

43. The method of claim 32, wherein the cell is a 
knockout for a class 2 processing mannosidase. 

44. The method of claim 32, wherein the cell comprises 
50 a class 2 processing mannosidase ant i sense molecule. 

45. The method of claim 32, wherein the hmGCB has at 
least one carbohydrate chain having six mannose residues of 
the precursor oligosaccharide. 

46. The method of claim 32, wherein the hmGCB has at 
55 least one carbohydrate chain having eight mannose residues 

of the precursor oligosaccharide. 

47. The method of claim 32. wherein the hmGCB has at 
least one carbohydrate chain having nine mannose residues 
of the precursor oligosaccharide. 

60 48. The method of claim 32, wherein the mannosidase 
inhibitor prevents removal of at least three mannose residues 
distal lo Ihe pentasaccharide core of the precursor oligosac- 
charide of GCB. 
49. The method of claim 32, wherein the mannosidase 
65 inhibitor prevents removal of one or more mannose residues 
distal to the pentasaccharide core on at least two of the 
carbohydrate chains of hmGCB. 
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50. The method of claim 32, wherein at least 60% of the 57. The method of claim 32, wherein the cell is a 
hmGCB of the preparation have one or more carbohydrate fibroblast or a myoblast. 

chains in which the removal of three or inore mannose 58 ^ method of c]ami 32 wherein ^ ce „ . $ ^ 

residues distal to the pentasaccharide core has been pre- immortalized cell 

vented. 5 

51. The method of claim 32, wherein at least 20% of the 59 ^ method of cIain > 58 wherein the cell is an 
hmGCB of the preparation have one or more carbohydrate HT-1080 cell. 

chains having at least eight marinose residues. 60. The method of claim 36. wherein the cell is contacted 

52. The method of claim 51, wherein at least 40% of the with kifunensine in culture media. 

hmOCB of the preparation have one or more carbohydrate 10 6 1. The method of claim 60. wherein the hmGCB is 

chains having at least eight mannose residues. obtained from the media in which the cell is cultured. 

53. The method of claim 52. wherein at least 60% of the . , , . , , . , „. ^. 
hmGCB of the preparation have one or more carbohydrate u 62 ^ Dieth ^? l ?^ Iaim ,f w! f«» ^ cel1 IS a Chinese 
chains having at least eight mannose residues. hamster ovary (CHO) cell transfected with an exogenous 

54. The method of claim 32, wherein at least about 80% 15 nuclejc ac,d se 3 uence comprising a human GCB coding 
or more of the carbohydrate chains of the hmGCB prepa- sequence. 

ration have six or more mannose residues. 63. The method of claim 1, wherein the cell is a COS cell 

55. The method of claim 32. wherein the cell is a primary lransfected with an exogenous nucleic acid sequence corn- 
cell. ' prising a human GCB coding sequence. 

56. The method of claim 32. wherein the cell is a 20 

secondary cell. * * * * * 
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Gaucher disease, the most common lysosomal storage dis- 
ease, can be treated with enzyme replacement therapy 
(ERT), in which defective acid-0-gtucosidase (GlcCerase) 
is supplemented by a recombinant, active enzyme. The 
X-ray structures of recombinant GlcCerase produced in 
Chinese hamster ovary cells (imigiuccrase, Cerezyme®) and 
in transgenic carrot cells (prGCD) have been previously 
solved. We now describe the structure and characteristics 
of a novel form of GlcCerase under investigation for the 
treatment of Gaucher disease, Gene-Activated™ human 
GlcCerase (velaglucerase alfa). In contrast to imiglucerase 
and prGCD, velaglucerase alfa contains the native human 
enzyme sequence. All three GlcCerases consist of three 
domains, with the active site located in domain in. The 
distances between the carboxylic oxygens of the catalytic 
residues, £340 and £235, are consistent with distances pro- 
posed for acid-base hydrolysis. Kinetic parameters (K m and 
Vmax) of velaglucerase alfa and imiglucerase, as well as their 
specific activities, are similar. However, analysis of glycosy- 
lation patterns shows that velaglucerase alfa displays dis- 
tinctly different structures from imiglucerase and prGCD. 
The predominant glycan on velaglucerase alfa is a high- 
mannose type, with nine mannose units, while imiglucerase 
contains a chitobiose tri-mannosyl core glycan with fuco- 
sylation. These differences in glycosylation affect cellular 
internalization; the rate of velaglucerase alfa internaliza- 
tion into human macrophages is at least 2-fold greater than 
that of imiglucerase. 

Keywords: Gaucher disease/gene activation/ 
glucocerebrosidase/glycans/mannose-6-phosphate receptor/ 
site-specific glycosylation/X-ray structure 

Introduction 

Gaucher disease is caused by mutations in the gene encod- 
ing the lysosomal enzyme, acid-0-glucosidase (glucocerebrosi- 
dase, GlcCerase, E.C 3.2.1.45) (Beutler and Grabowski 2001; 



Futerman and Zimran 2006). The most common treatment for 
Gaucher disease is enzyme replacement therapy (ERT), in which 
defective GlcCerase is supplemented with an active enzyme. 
ERT using imiglucerase, a recombinant analog of human Glc- 
Cerase expressed in Chinese hamster ovary (CHO) cells has 
been available for —15 years. After expression and purifica- 
tion, imiglucerase is modified by exo-glycosidase treatment 
(Friedman and Hayes 1996) to expose the core mannose 
residues that can be recognized by macrophages. Glycan re- 
modeling greatly improves targeting to and internalization by 
macrophages, the main cell type affected in Gaucher disease 
(Futerman and Zimran 2006). An alternative means of pro- 
ducing GlcCerase (prGCD) in transgenic carrot root cells has 
been developed (Aviezer et aL 2009). The X-ray structures of 
imiglucerase and prGCD have been previously reported (Dvir 
et al. 2003; Shaaltiel et al. 2007). 

In the current study, we have used gene activation in 
a well-characterized, continuous human cell line to pro- 
duce gene-activated human acid-0-glucocerebrosidase (ve- 
laglucerase alfa). Gene activation refers to targeted recombi- 
nation with a promoter that activates the endogenous GlcCerase 
gene in the selected human cell line. Velaglucerase alfa is se- 
creted as a monomeric glycoprotein of approximately 63 kDa 
and is composed of 497 amino acids with a sequence identical 
to that of the natural human protein (Zimran et al. 2007). Glyco- 
sylation of velaglucerase alfa is altered by using kimnensine, a 
mannosidase I inhibitor, during cell culture, which results in the 
secretion of a protein containing predominantly high-mannose 
type glycans (Elbein et al. 1990). 

Herein we describe the crystal structure of velaglucerase alfa, 
using a preparation that had been partially deglycosylated, and 
show that it is similar to that of imiglucerase (Dvir et al. 2003) 
and prGCD (Shaaltiel et al. 2007). Velaglucerase alfa differs 
from imiglucerase and prGCD as the latter two enzymes contain 
a mutation at residue 495 (an Arg to His substitution: R495H), 
and prGCD contains seven additional residues at the C terminus 
(DLLVDTM) and two additional residues at the N terminus 
(EF). Moreover, the kinetic parameters and specific activity of 
velaglucerase alfa are very similar to those of imiglucerase. We 
also compare the glycosylation patterns of velaglucerase alfa 
and imiglucerase by use of LC-MS and assess the impact of the 
different glycosylation patterns by analyzing internalization in 
human macrophages. 

Results and discussion 

X-ray structure 

Diffraction-quality crystals of velaglucerase alfa were obtained 
after partial deglycosylation using W-glycosidase F, by a proce- 
dure similar to that previously described for imiglucerase (Dvir 
et al. 2003). Velaglucerase alfa crystallized in the same space 
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Table L Data collection and refinement statistics 



Velaglucerase alfa 



Data collection 



Space group 


C222, 


Cell dimensions 




a»*,c(A) 


10937,285.55,91.69 


abe(°) 


90.00, 90.00, 90.00 


Rp<5oliitinn ( 


19 9-2.7 (2 75-2 70Y 


"5yni\ ' / 


15.7(51.0) 


//s</> 


14.4(4.6) 


Completeness (%) 


100(100) 


Redundancy 


7.5(7.6) 


Refinement 




Resolution (A) 


19.9-2.7 


Number of reflections 


39.776 




17.3/23.4 


Rms deviations 




Bond lengths (A) 


0.012 


, Bond angles (°) 


1.486 


Number of refined atoms 




Protein 


7871 


Carbohydrates 


70 


Ions 


90 


Solvent 


326 


Ramachandran outliers (%) 


0.4 



"The highest resolution shell is shown in parentheses. 



group, C222| , as imiglucerase (Table I), and unit cell parameters 
were similar to the previously published GlcCerase structures 
(Dvir et al. 2003; Premkumar et al. 2005; Brumshtein et 
al. 2006). The asymmetric unit contained two copies of ve- 
laglucerase alfa, designated as molecules A and B. The root 
mean square deviation (RMSD) value between molecules A and 



B (<0.3 A) shows that they are virtually identical. A compari- 
son of the structures of imiglucerase, prGCD, and velaglucerase 
alfa demonstrates that these structures are very similar, with an 
RMSD of 0.35-0.46 A (Table II). 

Velaglucerase alfa thus consists of three noncontiguous do- 
mains, with the catalytic site located in domain III (residues 76- 
381 and 416-430), which is a (p/a) 8 (TIM) barrel (Figure 1). 
A more detailed analysis of the active site reveals that it is 
virtually identical to that of imiglucerase (Figure 2), with the dis- 
tances between the carboxylic oxygens of the catalytic residues, 
E340 and E235 (5.2 A in molecule A and 5.1 A in molecule B), 
similar to those obtained previously (Brumshtein et al. 2006) 
and in agreement with the distances proposed for acid-base hy- 
drolysis (Davies and Henrissat 1995). Moreover, the three loops 
(loop 1, residues 345-350; loop 2, residues 393-399; and loop 
3, residues 312-319) observed in previous structures (reviewed 
in Kacher et al. (2008)) are also seen in velaglucerase alfa. 
Similarly to prGCD (Shaaltiel et al. 2007), loops 2 and 3 show 
differences in their backbone angles and side chain orientations 
in the two molecules of the asymmetric unit, whereas loop 1, 
since it makes crystal contacts, exhibits less pronounced con- 
formational changes (Figure 2). In the case of loop 3, a helical 
conformation is seen in molecule B, whereas a coiled confor- 
mation is seen in molecule A (Figure 3), as previously reported 
for imiglucerase (Brumshtein et al. 2006). Although the crystal 
was cryo-protected with 25% ethylene glycol, we did not detect 
any ethylene glycol molecules in the electron density map. 

Imiglucerase and prGCD both contain an Arg to His muta- 
tion at residue 495, with H495 making an H-bond (2.6 A) with 
the peptide carbonyl of F3 1 . In contrast, velaglucerase alfa con- 
tains a sequence identical to that of the natural human enzyme, 



Table n. RMS deviations of velaglucerase alfa compared to imiglucerase and prGCD. RMS deviations (A) are shown for each of the two copies of the molecules 
in the asymmetric unit and were calculated using PyMol (www.pymoI.org). The PDB codes for imiglucerase and pr-GlcCerase are 2J25 and 2V3F, respectively 





Imiglucerase-A 


Imiglucerase-B 


prCCD-A 


prGCD-B 


Velaglucerase aifa-A 


039 


035 


036 


0.40 


Velaglucerase alfa-B 


038 


0.43 


0.46 


0.46 




Fig, 1. Comparison of the crystal structures of velaglucerase alfa and imiglucerase. The three domains of the enzymes are colored pink (domain 1, residues 1-29 
and 383-414), blue (domain U, residues 30-75 and 431-497), and gray (domain III, residues 76-382 and 415-430). 
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Fig. 2. Active site of velaglucerase alfa. Stereo representation of an overlay of the active sites of imiglucerase (blue and magenta) and velaglucerase alfa (yellow 
and green). Catalytic residues are shown as red sticks. Loops near the entrance to the active site are indicated (LI , loop I ; L2, loop 2; L3, loop 3). 



with an Arg at residue 495, which does not make a similar 
H-bond. No major structural differences were observed in ve- 
laglucerase alfa around residue R495, relative to imiglucerase or 
prGCD. Two mutations which cause Gaucher disease, R496 and 
D474 (Figure 4) (Kawameetal. 1992;BeutIeretal. 1993; Choy 
et al. 1998), are in close proximity to R495 near the N-terminus 
of GlcCerase. D474 is at the end of a P-strand, and R496 is 
part of a coil with no clear secondary structure, and their side- 
chains form a salt bridge and hydrogen bonds with each other; 
mutations in either of these two residues would disrupt these 
interactions. By analyzing the geometry and the interactions be- 
tween the side chains of these two residues, and the secondary 
structure of the region, we conclude that R496 or D474 may be 
involved in stabilizing the conformation of the N-terminus of 
the enzyme by their side chain interactions, with disruption of 
these bonds resulting in a flexible N-terminus and hence in a 
less stable structure. However, neither of these residues interacts 
with R495. 



Kinetic analysis 

To further compare velaglucerase alfa and imiglucerase, and to 
determine if the mutation at residue 495 has any effect, kinetic 
parameters and specific activity were determined using a natu- 
ral glucosylceramide (GlcCer) substrate, rather than a surrogate 
substrate typically used to assess enzyme activity. Velaglucerase 
alfa has a ^ of 2100 mhr\ a K m of 19 u,M, and a V max of 
0.61 |xM min Imiglucerase has a kcat of 1900 min \ a K m 
of 15 p,M, and a of 0.56 \iM min -1 (Figure 5). Similar 
K m values were reported in the literature; GlcCerase derived 
from brain tissue and fibroblasts both have a K m of 32 u,M us- 
ing GlcCer from Gaucher spleen (Vaccaro et al. 1982), while 
imiglucerase and prGCD have a K m of 15.2 and 20.7 pM, re- 
spectively, using a fluorescent GlcCer analog, C6-NBD-GlcCer 
(Shaaltiel et al. 2007). In addition, at a 2 10 jiM GlcCer substrate 
concentration, velaglucerase alfa and imiglucerase have similar 
specific activities of 26 and 24 U/mg, respectively. These results 




Fig. 3. Electron density around the catalytic center. Catalytic residues E235 and E340 are shown as red balls and sticks and surrounding residues are in dark gray. 
Contours of the 2F 0 -F C map are shown as a blue mesh (at 1 ,2a); contours of the F 0 -F c map are shown in green mesh (at 3cr) and in magenta (at -3or). Several 
F 0 -F c peaks are visible in the active site, but they did not overlap with the 2F 0 -F C map, nor are they continuous; hence, at this resolution they appear to be noise. A 
and B show the catalytic centers of molecules A and B, respectively, in the asymmetric unit 
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Fig. 4. Mutations at the C-terminus of GlcCerase. Imiglucerase and 
pr-GIcCerase contain a His at residue 495 (yellow), whereas velaglucerase alfa 
contains Arg (green). Mutations R496 and D474, which cause Gaucher 
disease, are shown in magenta. Residues within 4 A distance of R495 and 
R496 are shown in cyan. 
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• velaglucerase alfa ▼ imiglucerase 

Fig. 5. Kinetic analysis of velaglucerase alfa and imiglucerase. V msx and K m 
values were determined using a natural GlcCer substrate in = 2). 



demonstrate that human and CHO-cell derived GlcCerase, pre- 
pared by two different manufacturing processes, have similar 
enzymatic activities for the natural substrate. 

Glycan composition 

We next examined which sugars could be detected in the crystal 
structure of velaglucerase alfa. Even after partial deglycosyla- 
tion using iV-glycosidase F, two sugar residues were observed 
attached to residue N19 in both molecules A and B (Figure 6). 
One sugar was detected on N 146 in molecule A whereas no 
sugars were detected on N146 in molecule B (Figure 6). As 
reported previously for imiglucerase, no sugars were detected 
attached to either N270 or N59 in velaglucerase alfa. It should 



be noted that sugars attached to N270 have not been seen in any 
of the crystal structures solved to date, and sugars have been 
seen only occasionally on N59 (Brumshtein et al. 2006). The 
inability to detect sugars on either N59 or N270 is most likely 
due to die high flexibility of the corresponding glycan chains 
since nano-liquid chromatography electrospray ionization tan- 
dem mass spectrometry (nano-LC-ESI-MS/MS) analysis of in- 
tact imiglucerase (Kacher et al. 2008), and of velaglucerase alfa 
(see below) showed that glycan chains were attached to both 
these residues. 

Velaglucerase alfa and imiglucerase bear distinctly different 
glycan chains due to the differences in their manufacture. In our 
comparative study of the carbohydrate content of unmodified 
velaglucerase alfa and imiglucerase by LC-ESI-MS, four of the 
five potential glycosylation sites, namely, NI9, N59, N146, and 
N270, were observed to be fully occupied in both. As expected 
from the crystal structures, N462 is fully unoccupied in both, 
due to its buried location. 

According to LC-ESI-MS analysis of glycopeptide maps, ve- 
laglucerase alfa contains primarily high-mannose type glycans, 
consisting of six to nine mannose units. Listed as die predomi- 
nant structure in Table m, the most abundant ion present in the 
averaged spectra for each site corresponds to a glycan with nine 
mannose units. Glycan microheterogeneity was observed at each 
site and the less abundant structures are listed as other glycans. 
These other glycans consist of mannose residues with phospho- 
rylation at the C-6 position to create a mannose-6-phosphate 
(M6P) residue. The lowest levels of M6P were at N19; N59 
and N146 had similar but higher levels relative to N19, while 
N270 had the highest amount of M6P. Despite the site-specific 
variation in relative levels of M6P, nonphosphorylated glycans 
remained the predominant species for all four sites. Also ob- 
served on N59, N146 and N270 were mono-sialylated mono- 
antennary hybrid and complex-type structures with core fuco- 
sylation, which were quantified by glycan map analysis. These 
structures are consistent with a low percentage of glycosylation 
sites escaping kifunensine inhibition, resulting in glycan matu- 
ration and core fucosylation. In the case of hybrid-type glycans, 
only a single antenna maturated. 

The results from site-specific glycan characterization were 
corroborated by glycan map analysis (Figure 8), which demon- 
strates high-mannose type glycans consisting of six to nine 
mannose units with a predominant nine-mannose structure. Es- 
timates from glycan map analysis show that the mono-sialylated 
mono-antennary hybrid structures account for —2% of the total 
glycan pool. The map also demonstrates the presence of high- 
mannose glycans containing one GlcNAc-capped M6P, a result 
of incomplete glycan processing, as well as high-mannose gly- 
cans bearing a single M6R Also consistent with these results 
were data obtained from monosaccharide compositional analy- 
sis that demonstrates approximately 0.8 mole of M6P per mole, 
of velaglucerase alfa, and approximately 0.6 moles of M6P per 
mole of imiglucerase. 

Site-specific glycan analysis demonstrated that imiglucerase 
contains primarily complex-type glycans with core fucosy- 
lation that terminate with the chitobiose tri-mannosyl core 
(Table IV), with an exception at the N19 site, which was 
observed to be devoid of fucose. These structures are as ex- 
pected for GlcCerase with exoglycosidase treatment to expose 
the core mannose residues. Imiglucerase also contains glycan 
microheterogeneity at each site of glycosylation, with lower 
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Fig. 6. Glycosylation sites seen in the crystal structure of velagluceiase alfa. 2F 0 -F C electron density maps are shown, which are contoured at I in the vicinity of 
two of the putative glycosylation sites, N19 and N146 for molecule A, and N19 for molecule B. (A) Glycosylation sites detected in molecule A are shown in green. 
(B) Glycosylation site detected in molecule B is shown in yellow. (C) Superposition of the two individual molecules in the asymmetric unit reveals their similarity. 
In all three representations, catalytic residues E235 and E340 are shown as red sticks. 



Table m. Carbohydrate composition of velagluceiase alfa. Predominant structures are those observed to be most abundant at each ^-linked glycosylation site. The 
other glycans consisted mostly of high-mannose type structures (some with M6P) and with the hybrid and complex types observed at low levels (-2% of the total 
as determined by glycan map analysis) 



Glycosylation site 


Predominant glycan 


Other glycans 


Asnl9 


High mannose 


High mannose 




(Man)9(GIcNAc)2 


(Man) 6 -8<GlcNAc) 2 
Phosphorylated high mannose 

(Phos)i (Man)s_9(ClcNAc)2 
GlcNAc-capped phosphate 

(Phos)i (Man)s- 9 (ClcNAc) 3 
Hybrid 


Asn59 


High mannose 


(Hex) 2 (Man)3(GlcNAc)3(Fuc)i 


High mannose 




(ManMGlcNAch 


(Man) 5 _ 8 (GIcNAc)2 
Phosphorylated high mannose 

(Phos)i (ManMGlcNAch 
GlcNAc-capped phosphate 

(Phos)i (Man)8_ 9 (GlcNAc) 3 
Hybrid 

(NeuAc)i (Gal)i(Man) 5 (GlcNAc)3(Fuc)i 
Complex 

(NeuAc)o_2(Galh(Man)3(GIcNAc)4(Fuc)i 


Asnl46 


High mannose 


(Gal)3(Man)3(GIcNAc)5(Fuc)i 


High mannose 




(Man) 9 (GlcNAcfc 


(Man)6_ 8 (GlcNAc)2 
Phosphorylated high mannose 

(Phos)t (Manh-9(GlcNAc)2 
GlcNAc-capped phosphate 

(Phos)i (Man) 9 (GlcNAcb 
Hybrid 


Asn270 


High mannose 


(NeuAc)i(Gal)i(Man) 5 (GlcNAc)3(Fuc)i 


High mannose 




(ManMGlcNAch 


(Man)6_ 8 <GlcNAc)2 
Phosphorylated high mannose 

(Phos)i(Man)6_ 9 (GlcNAc)2 
GlcNAc-capped phosphate 

(Phos)i (Man) 9 (GlcNAcb 
Hybrid 

(Gal)j (ManMGlcNAcMFuc), 
(NeuAc)i(Gal)i(Man) 5 (GlcNAc)3(Fuc)i 
Complex 


Asn462 


Not detected 


(NeuAc)2<Gal)2(Man)3(GlcNAc)4(Fuc)i 


Not detected 
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^ Fig. 7. Glycan structures of vclagluccrase alfa and imiglucerase. Predominant 
//-linked carbohydrate structures on velaglucerase alfa (top) and imiglucerase 
(bottom) are shown graphically at their relative positions along the protein 
backbone. 
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Table IV. Carbohydrate composition of imiglucerase. Predominant structures 
are those observed to be most abundant at each AM inked glycosylation site. 
The other glycans consisted mostly of core structures with additional GIcNAc 
and high-mannose structures with M6P 



Glycosylation 






site 


Predominant glycan 


Other glycans 


Asnl9 


Complex 


Complex 




(Manb(GlcNAc) 2 


(Man) 3 (GIcNAc) 3 


Asn59 


Complex 


Complex 




(Man) 3 (GlcNAc)2(Fuc) 1 


(Manh(GlcNAc) 3 (Fuc)i 


Asn 146 


Complex 


Complex 




(Man) 3 (GlcNAc)2(Fuc)i 


(Man)3(GlcNAc)3_4(Fuc)t 
Phosphorylated high mannose 

(Phos)i (Man)s-6(GIcNAc)2 
GlcNAc-capped phosphate 

(Phos)i (Man)s_ 6 (GIcNAc)3 


Asn270 


Complex 


Complex 




(Man)3(GlcNAc)2(Fuc)i 


(Man) 3 (GlcNAc) 3 _4(Fuc)i 
Phosphorylated high -mannose 

(Phos)i (Manfc-fiCGlcNAcfc 
GlcNAc-capped phosphate 

(Phos)i (Man)5_6(GIcNAc)3 
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Fig. 9. Velaglucerase alfa and imiglucerase internalization into differentiated 
macrophages. The ordinate of the graph represents the fluorescence data 
normalized for the cellular protein concentration and incubation time 
(RFU/jtg/h). The GlcCerase dose is shown on the abscissa. 



Fig. 8. Glycan map analysis of velaglucerase alfa. Glycans released by 
/V-glycosidase F were analyzed by anion-exchange chromatography with 
amperometric detection. The method resolves glycans based on negative 
charge where peak group 1 corresponds to high-mannose type neutral glycans 
that are resolved into multiple peaks according to the number of mannose 
units, peak group 2 corresponds to high-mannose type glycans with one M6P 
that retained its GIcNAc cap (one negative charge), and peak group 3 
corresponds to high-mannose type glycans containing one fully processed 
M6P (two negative charges). In peak group 1, smaller peaks are resolved that 
correspond to positional isomers of the various oligomannose types observed. 



levels of core structures terminating with iV-acetylglucosamine 
(GIcNAc) that are likely a result of incomplete digestion with 
N-acetylglucosaminidase. At N146 and N270, high-mannose 
type glycans were observed containing five to six mannose units 
with one M6R 

The glycan graphics shown in Figure 7 help to visualize the 
predominant structures for both forms of GlcCerase as described 
in Tables HI and IV. These structures were consistent with gly- 
can types and levels observed with glycan map analysis as well 
as with previous reports (Van Patten et al. 2007). In the current 



study, the glycans of prGCD were not characterized, but earlier 
studies demonstrated the presence of core a-(l,2)-xylose and 
core a-(l,3)-fucose (Shaaltiel et al. 2007), which are unique to 
plant-derived proteins and would not be expected to be present 
on either velaglucerase alfa or imiglucerase. 

Internalization by macrophages 

Internalization of proteins by endocytosis is highly dependent 
upon their carbohydrate composition and has been well char- 
acterized (Kornfeld 1986). A comparison of the internalization 
rate of velaglucerase alfa to that of imiglucerase in U937-derived 
macrophages demonstrated that velaglucerase alfa is internal- 
ized approximately 2.5-fold more efficiently than imiglucerase 
(Figure 9). Internalization of both enzymes could be inhibited 
by the addition of mannan to the culture medium, demonstrat- 
ing that internalization was mediated via mannose receptors; 
moreover, U937 cells were shown by immunohistochemistry to 
express mannose receptors (CD206) (data not shown). It should 
be noted that during optimization of this assay, variations in 
results were obtained when different culture media were used. 
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Therefore, additional research will be required to determine the 
exact nature of the uptake since different mannose receptors 
exist, which may be involved in this cellular internalization. 
In contrast, the addition of M6P to the culture medium had 
no effect, confirming that the M6P receptor is not involved in 
internalization (data not shown). Since velaglucerase alfa and 
imiglucerase display similar kinetic parameters, specific activi- 
ties, and structural features, the different rates of internalization 
can be ascribed to differences in glycosylation patterns between 
velaglucerase alfa and imiglucerase, with the increased rate of 
internalization of velaglucerase alfa likely due to the expression 
of longer chain high-mannose type glycans compared to the 
core mannose structures found on imiglucerase. 

Conclusions 

In summary, the X-ray structure of velaglucerase alfa is 
very similar to those of recombinant GlcCerases produced in 
other expression systems, with the R495H mutations found in 
imiglucerase and prGCD having no effect on the secondary 
structure. The main difference between imiglucerase and ve- 
laglucerase alfa concerns their glycan structures, with the latter 
containing longer chain high-mannose type glycans compared 
to the core mannose structures found on imiglucerase. This dif- 
ference in glycosylation appears to lead to the increased cellular 
uptake of velaglucerase alfa over imiglucerase. The role of pro- 
tein giyeosyiaiion in cellular uptake is widely established in 
many cell types (Barton et al. 1991). However, while the func- 
tion of the macrophage mannose receptor (MR; CD206) in inter- 
nalization of mannosylated proteins is well characterized (East 
and Isacke 2002), a growing family of carbohydrate-binding re- 
ceptors have been implicated in diverse macrophage functions 
including removal and disposal of endotoxin (Ono et al. 2006), 
utilization of secreted lysosomal enzymes (Abe et al. 2008), 
phagocytosis (Kang et al. 2005), and regulation of the innate 
immune response to microbial pathogen-associated structures 
(Garner et al. 1994). Thus, the differences in uptake observed 
between imiglucerase and velaglucerase-alfa can be attributed 
to differences in affinity for CD206, or alternatively could be due 
to differential uptake mediated by other macrophage mannose 
receptors such as Endol80. This observed increase in cellu- 
lar uptake of velaglucerase-alfa over imiglucerase can be envi- 
sioned to lead to a more rapid time to improvement of clinical 
parameters and potentially increased therapeutic efficacy 



Material and methods 

Crystallization, structure determination, and refinement 
Velaglucerase alfa was partially deglycosylated (Kacher et al. 
2008) prior to crystallization, as previously described for 
imiglucerase (Dvir et al. 2003; Premkumar et al. 2005), us- 
ing AT-glycosidase F (88 h at 25°C), which removes carbohy- 
drate chains from proteins and peptides by cleaving the amide 
bonds between Asn residues and N-acerylglucosamine (Glc- 
NAc) (Han and Martinage 1992), but does not necessarily re- 
move all carbohydrate chains from native proteins. Subsequent 
to yV-glycosidase F-treatment, velaglucerase alfa was diluted 
in the crystallization buffer (10 mM citrate pH 5.5, 7% (v/v) 
ethanol, 0.02% (w/v) Naty) and passed through a Centricon 
YM-30 centrifugal filter device with a molecular mass cut-off 
of ~30 kDa, to give a final concentration of 4-5 mg/mL. Ve- 



laglucerase alfa crystals were obtained by micro-batch crystal- 
lization under oil (Chayen et al. 1990) using a Douglas Instru- 
ments Oryx6 robot The crystallization solution had a 1 : 1 ratio of 
the concentrated enzyme solution and of 1 M (NH^SO^/0. 1 M 
HEPES, pH 7.0, containing 0.5% (w/v) PEG8000. Crystalliza- 
tion was performed under Al's oil (D'Arcyetal. 1996) (1:1 ratio 
of paraffin and silicone liquid oils) for 5-14 days at 2CPC. Data 
were collected on beam line ID14eh2 at the ESRF synchrotron 
(Grenoble, France). Crystals were cryo-protected with a 25% 
ethylene glycol solution, mounted, and flash cooled to 100 K. 
X-ray diffraction images were processed using HKL2000 and 
scaled with SCALEPACK (Otwinowski et al. 1997). TTie struc- 
ture was solved using the molecular replacement method based 
on PDB 2J25 (Brumshtein et al. 2006) and refined with Ref- 
mac5 (Murshudov eta!. 1 997). During the course of refinement, 
the electron density map showed significant improvement, and 
putative sugars could be seen adjacent to N19 and N146 for 
molecule A, and adjacent to N19 for molecule B. Tkble I sum- 
marizes data collection and processing. Structures and structure 
factors were deposited in the PDB (code 2WKL). 

Enzyme kinetics and specific activity 

The novel enzymatic activity assay described below measures 
the ability of GlcCerase to release glucose from GlcCer obtained 
from Gaucher spleen (Matreya LLC, PA, Cat. no. 1057). Ve- 
laglucerase alfa (drug substance lot EP06-003) and imiglucerase 
(commercial product lot C7036C01) were assayed. Hie re- 
leased glucose was quantified by anion-exchange chromatogra- 
phy equipped with a pulsed amperometric detector. The appro- 
priate amount of GlcCer in chloroform/methanol (2:1, v/v) was 
dried by a SpeedVac in the presence of 0.2 M taurocholic acid 
in methanol and 20% (v/v) oleic acid in chloroform/methanol 
(2:1). The dried pellet was reconstituted in the 0.1 M citrate/0.2 
M phosphate buffer (pH 5.0) and diluted to the desired con- 
centrations. Enzyme samples were diluted to a concentration of 
0.2 ng/uJL with the dilution buffer (50 mM sodium citrate, pH 
6.0 with 0.75 mg/mL BSA) and 2 ng of enzyme was incubated 
for 30 min at 37°C with serial dilutions of GlcCer in a 1 10 piL 
reaction volume. The reaction was stopped by heat denaturing 
samples at 100°C for 5 min. Sample manipulations were inter- 
nally controlled by adding 100 |iL of a galactosamine (GalN) 
solution to the reaction mixture. Dionex OnGuard II RP car- 
tridges were used to remove the detergent and lipid. Ilie analysis 
was carried out on a Dionex high-performance anion-exchange 
chromatography device, coupled with a pulsed amperometric 
detection apparatus (HPAE-PAD), using a CarboPac PA- 10 an- 
alytical column equipped with a CarboPac PA- 10 guard column. 
An isocratic flow of 6 mM NaOH at 0.25 nuVmin for 25 min 
was used to separate monosaccharides (Glc and GalN). The 
amount of glucose (Glc) was calculated from linear regression 
analysis of GalN and Glc standards in the range of 10-480 pmol 
per injection. The assay was carried out in a range of substrate 
concentrations of 5-150 \sM y and obeyed Michaelis-Menten 
kinetics, thus permitting assignment of K m and values. 

Site-specific characterization of glycans 
Velaglucerase alfa (drug substance lot EP06-003, Shire Human 
Genetic Therapies, Hampshire, UK) and imiglucerase (com- 
mercial product lot HA163BL) were prepared for enzymatic 
digestion by reductive denaturation with DTT, followed by and 
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cysteine alkylation with iodoacetic acid. Alkylated samples were 
digested first with the endoproteinase Lys-C (Roche Diagnostics 
GmbH, Mannheim, Germany) (1:42 enzyme to substrate ratio, 
w/w, for 6 h at 37°C), followed by digestion with endoproteinase 
Glu-C (1:25 enzyme to substrate ratio, w/w, for 16 h at room 
temperature). Digested samples were analyzed by peptide mass 
mapping using reversed phase chromatography with in-line UV 
/ (214 nm) and electrospray ionization with mass spectrometric 
detection (LC-ESI-MS). By comparing the peptide maps before 
and after glycan release using tf-glycosidase F (New England 
Biolabs, Ipswich, MA), the five potential glycosylation sites 
were identified. The glycan mass was calculated by subtract- 
ing the expected peptide mass from the observed glycopeptide 
masses. Using software to match the observed glycan masses 
with potential monosaccharide compositions, glycan composi- 
tions for each site were determined. To verify monosaccharide 
compositions, treatments (according to manufacturer's recom- 
mendations) with neuraminidase (Roche Diagnostics GmbH), 
alkaline phosphatase (Roche Diagnostics GmbH, Mannheim, 
Germany), and a-mannosidase (Glyko, Inc., Hayward, CA) 
were used to verify the presence of sialic acid, phosphate, 
and alpha-linked mannose, respectively. MS/MS fragmentation 
analysis was used to verify glycan phosphorylation. 

Glycan map analysis 

The procedure involves heat denaturation of the protein at 100°C 
for 3-4 min in the presence of 0.5% SDS, followed by enzymatic 
release of glycans with N-glycosidase F (Prozyme, San Leandro, 
CA). Velaglucerase alfa (drug substance lot EP06-001, Shire 
Human Genetic Therapies) was incubated with W-glycosidase 
F (30 mU/3 u.L) for 4-6 h at 37°C with 0.9% NP40, followed 
by a second addition of JV-glycosidase F, and an additional 17- 
19 h incubation at 37°C Analysis of the released glycans was 
performed by HPAE-PAD, using a CarboPac PA-1 analytical 
column equipped with a CarboPac PA- 1 guard column (Dionex, 
Sunnyvale, CA). Glycans were applied to the column in 12 
mM sodium acetate/100 mM NaOH, followed by elution with 
a 12-300 mM sodium acetate gradient (6.4 mM/min) in 100 
mM NaOH in 45 min. Using a flow rate of 1 mL/min and the 
column at ambient room temperature, glycans elute in the order 
of increasing negative charge. 

Cellular internalization 

Human U937 cells were cultured in growth media contain- 
ing RPMI 1640 with 2 mM L-glutamine, 10 mM HEPES, 1 
mM sodium pyruvate, 4.5 g/L glucose, 1.5 g/L sodium bi- 
carbonate, and 10% FBS. Treatment with phorbol myristate 
acetate (PMA) for 3 days was used to induce differentiation 
into macrophages (Amento et al. 1984). The U937-derived 
macrophages were seeded into 96-well microliter plates at 
50,000 cells per well in growth medium, and allowed to ad- 
here to the plates for 48 h. Seeded macrophages were incubated 
for 3 h with equimolar preparations of velaglucerase alfa (drug 
substance lot FEC06-003, Shire Human Genetic Therapies) or 
imiglucerase (Cerezyme®; commercial product lot C7036C01, 
Genzyme, Cambridge, MA) at pH 7.5, in growth medium con- 
taining RPMI 1640 devoid of phosphate, 0.1% BSA, 10 mM 
HEPES, pH 7.5, 2 mM L-glutamine, 1 mM DTT, and 10 mM 
CaCh. In all assays, the cells were treated with GlcCerase for 
a 3-h duration which was previously determined to be in the 



linear range of internalization. For dose response curves uti- 
lized to demonstrate mannose-receptor specificity, 10 mg/rnL 
mannan was used to antagonize the receptor. After a series of 
wash steps (wash buffer: 0.05 M Tris, 0.138 M NaCl, 0.0027 M 
KC1, with 0.05% Tween 20, 0.5% BSA, pH 8.0), the cells were 
lysed (lysis buffer: 10 mM Tris pH 8.0, 0.5% NP40, 0.2% de- 
oxycholate, Complete Mini Protease Inhibitor Cocktail Tablets 
in EASYpacks and PhosSTOP Phosphatase Inhibitor Cocktail 
Tablets in EASYpacks, Roche Applied Science), and the inter- 
nalized GlcCerase was quantified by an assay employing the 
synthetic substrate, 4-methylumbelliferyl-p-r>glucopyranoside 
(4-MU-gIc), which releases a fluorescent product upon cleavage. 
The protein content in the well was determined (BCA method 
according to the manufacturer's protocol) and was used to nor- 
malize the assay signal to total protein from each sample. The 
assay signal for the GlcCerase samples was tested in vitro to de- 
termine the extent of activity or signal disparity between the two 
drugs, and there was no difference in activity (data not shown). 
For these assays, 2-fold serial dilutions of velaglucerase alfa and 
imiglucerase (starting at 30 nM enzyme) were made in the assay 
lysis buffer and tested using the 4-MU-glc enzymatic activity 
assay. Plates were read with a Perkin Elmer Envision multi-label 
plate reader. 
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Letter from FDA to Transkaryotic Therapies, Inc., dated January 12, 2004, 
providing the IND number and showing the date of receipt by FDA of the IND 



DEPARTMENT OF HEALTH Sc HUMAN SERVICES 



Public Health Service 



Food and Drug Administration 
Rockville. MD 20857 
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IND 61,220 




Transkaryotic Therapies, Inc. 
Attn: Suzanne L. Bruhn, Ph.D. 
Vice President, Regulatory Affairs 
700 Main Street 
Cambridge, MA 02139 



Dear Dr. Bruhn: 

We acknowledge receipt of your Investigational New Drug Application (IND) submitted under 
section 505(i) of the Federal Food, Drug, and Cosmetic Act. Please note the following 
identifying data: 

IND Number Assigned: 6 1 ,220 

Sponsor: Transkaryotic Therapies, Inc. 

Name of Drug: Gene- Activated® Glucocerebrosidase (GA-GCB, DRX008 A) 

Date of Submission: December 3 0, 2003 

Date of Receipt: December 3 1 , 2003 

Studies in humans may not be initiated until 30 days after the date of receipt shown above. If, on 
or before January 30, 2004, we identify deficiencies in the IND that require correction before 
human studies begin or that require restriction of human studies, we will notify you immediately 
that (1) clinical studies may not be initiated under this IND ("clinical hold") or that (2) certain 
restrictions apply to clinical studies under this IND ("partial clinical hold")* In the event of such 
notification, you must not initiate or you must restrict such studies until you have submitted 
information to correct the deficiencies, and we have notified you that the information you 
submitted is satisfactory. 

It has not been our policy to object to a sponsor, upon receipt of this acknowledgement letter, 
either obtaining supplies of the investigational drug or shipping it to investigators listed in the 
IND. However, if the drug is shipped to investigators, they should be reminded that studies may 
not begin under the IND until 30 days after the IND receipt date or later if the IND is placed on 
clinical hold. 



IND 61,220 
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As sponsor of this IND, you are responsible for compliance with the Federal Food, Drug, and 
Cosmetic Act and the implementing regulations (Title 21 of the Code of Federal Regulations). 
Those responsibilities include (1) reporting any unexpected fatal or life-threatening adverse 
experience associated with use of the drug by telephone or fax no later than 7 calendar days after 
initial receipt of the information [21 CFR 312.32(c)(2)]; (2) reporting any adverse experience 
associated with use of the drug that is both serious and unexpected in writing no later than 15 
calendar days after initial receipt of the information [21 CFR 312.32(c)(1)]; and (3) submitting 
annual progress reports [21 CFR 3 12.33]. 

Please forward all future communications concerning this IND in triplicate, identified by the 
above IND number, to the following address: 

U.S. Postal Service/Courier/Overnight Mail: 

Food and Drug Administration 

Center for Drug Evaluation and Research 

Division of Metabolic and Endocrine Drug Products, HFD-510 

Attention: Fishers Document Room, 8B-45 

5600 Fishers Lane 

Rockville, Maryland 20857 

If you have any questions, call me at (301) 827-6416. 



Sincerely, 

{See appended electronic signature page} 

Patricia Madara 

Regulatory Project Manager 

Division of Metabolic & Endocrine Drug Products 

Office of Drug Evaluation II 

Center for Drug Evaluation and Research 



This is a representation of an electronic record that was signed electronically and 
this page is the manifestation of the electronic signature. 



/B/ 



Patricia Madara 
1/12/04 02:28:37 PM 
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Attachment Gl 



A written record of the discussion that occurred on January 28, 2004 regarding 
modification of the protocol 



FDA CONTACT REPORT 
DRX008A 



Contact: 



Pat Madara, Metabolic and Endocrinologic Group 
Phone: 301-827-6416 



Date: 
Time: 



28 Jan 2004 



10:30 



TKT Participants: Steve Schmitz (SS) 
Executive Summary: 

• Pat Madara telephoned to say that Dr. Pariser, the medical reviewer for the IND submission, 
informed her that she had not received the protocol amendment, which incorporated the 
changes discussed at the Pre-IND meeting. 

• If she did not receive the amendment, the program would be placed on clinical hold. 

• I informed her that we were prepared to send out the amendment within the next 1-2 days. 



• Send out the protocol amendment to Pat Madara. 




Date: VI rfa 



Copy List: 



W. Aliski 
R. Fram 



RA Archives (original) 
RA Chronology 
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This document contains confidential and proprietary information of Transkaryotic Therapies, Inc. 

Do not copy or distribute without written permission. 
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Letter from Transkaryotic Therapies, Inc. to FDA dated March 1 1 , 2004, 
concerning amendment of protocol 



TRANSKARYOTIC THERAPIES INC. 



TKT 

11 March 2004 

Patricia Madara 

Regulatory Project Manager 

Division of Metabolic and Endocrine Drug Products 

Office of Drug Evaluation II 

Center for Drug Evaluation and Research 

5600 Fishers Lane 

Rockville,MD 20857 



RE: IND# 61,220 

Amendment 2.0, Clinical Protocol TKT025 
Serial No. 002 

Product Name: Mannose-terminated, Gene-Activated® Glucocerebrosidase, 

(GA-GCB, DRX008A) 

Dear Ms. Madara: 

Please find enclosed a copy of Amendment 2.0 to Clinical Protocol TKT025 (Attachment 
1), and a document entitled, "Listing of Changes in Amendment No. 2 to TKT Clinical 
Protocol No. TKT025 (Attachment 2). 

The changes include: 

1) Addition of a MRI of the lumbar spine. Originally, the MRI evaluation examined 
only the femora and abdomen. However, in order to enhance the assessment of 
bone marrow involvement by the Bone Marrow Burden Score (see below), an 
MRI of the lumbar spine is required. 

2) The addition of an exploratory clinical activity variable, the bone marrow burden 
score. This score is obtained by evaluating MRI images of both the axial (lumbar 
spine) and peripheral (femora). 

3) Clarification of timing of vital sign determination 

4) Itemization, by "bulleting", in the Schedule of Events, to specify 
electrocardiogram testing at Weeks 2 1 and 33. 

5) Updating of the Informed Consent to describe the additional tests mentioned 
above. In addition, a statement regarding the potential eligibility of a patient who 
declined to enter the study, to receive approved therapy (i.e., imiglucerase), was 
deleted TKT believed that the statement, as written in the Amendment 1.0, had 
potential to be misleading to patients. We were concerned that a patient could 
possibly interpret the previous wording to mean that, in the event that he declined 
to participate in the study, the Sponsor would provide imiglucerase, a currently 
approved therapy for Gaucher disease. 



700 MAIN STREET, CAMBRIDGE, MA 02 1 39 6 1 7 349-0200 FAX 6 1 7 6 1 3-4004 



If you have any questions or comments, please telephone me at 617-613-4364. Thank you 
for your consideration. 

Sincerely, 

Stephen M. Schmitz, M.D., M.P.H. 
Director, Safety and Regulatory Affairs 
Transkaryotic Therapies, Inc. 



2 



In re U.S. Patent No.: 7,138,262 Bl Attorney Docket No, S2071-701019/0013US 

Issued: November 21, 2006 
Inventors: Peter Francis Daniel 
Assignee: Shire Human Genetic Therapies, 
Inc. 

Title: HIGH MANNOSE PROTEINS AND METHODS OF MAKING HIGH 
MANNOSE PROTEINS 



Attachment G3 

FDA communication to Transkaryotic Therapies, Inc. dated May 20, 2004, 
concerning amendment to protocol 



AGENCY CORRESPONDENCE 



GCB 



Contacts) 


Pat Madara, Project Manager 






Div. of Metabolic and Endocrinologic Drag Products/GDER/FDA 






301-827-6416 




Date 


20 May 2004 


Time 


1400 and 1415 (Hours and Minutes in Military Time) 



Agency Participants 



Pat Madara, Project Manager (PM) 

Re: IND 61,220 - DRX008A (glucocerebrosidase, GA-GCB) 
TKT Participants 

Suzanne L. Bruhn, VP, Reg. Affairs (SB) 

Alyssa Sonntag, Project Manager, Reg. Affairs (AS) 

Executive Summary 

• FDA has no comments on the blinding procedure to be implemented for the analysis of 
liver and spleen volumes from MRI scans taken for Study TKTQ25. TKT will make no 
changes to the current version of the blinding procedure (dated 7 April 2004). 

Summary 

At 1400, SB called PM to inquire on the status of FDA's review of the blinding procedure for 
analysis of liver and spleen volumes from the MRI scans taken for Study TKT025, which was 
submitted to the IND in Serial 003 on 7 April 2004- PM stated that the Medical Officer's review 
of this submission had been completed but she would need to confirm if there were any 
comments to relay to the sponsor from that review. PM stated that she would contact us soon 
with this information, but we should call her again after 2 weeks if we had not heard from her. 
PM will be out of the office during the last week of May and the first week of June. 

PM called back at 1415 and informed SB that she had pulled the Medical Officer's review and 
that it was "safe to proceed [with the blinding procedure] as amended" Therefore, TKT will 
make no changes to the current version of the blinding procedure (dated 7 April 2004). 

Serial Submissions Discussed 

Serial 003, submitted to IND 61,220 on 7 April 2004 



Tte DOCUMENT CONTAINS CONFIDENTIAL AND PROPRIETARY INFORMATION OF TRANSKARYOT1C THERAPIES, INC. 

DO NOT COPY OR DISTRIBUTE WITHOUT WRITTEN PERMISSION. 



1 



Action Item(s) 
• None 



Sigimtare ryl^ Date <^H 9iyG^ 

Copy List Regulatory Chronology (Original w/ signature) 
S. Brulin 
R.Fram 
S. Zildjian 
N. Wyant 
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Attachment H 

Letter from FDA to Shire Human Genetic Therapies, Inc. indicating the date the 
IND was put on clinical hold 



11/28/2006 13:20 FAX 3014439285 



DGP 



©001/008 



REGULATORY AFFAIRS 
RECEIVED 



NOV 2 8 2006 

FAX SHIRE HGT 



FOOD AND DRUG ADMINISTRATION 

DIVISION OF GASTROENTEROLOGY PRODUCTS 

Center for Dmg Evaluation and Research, HFD- 180 
10903 New Hampshire Ave, Sflver Spring, MD 20993-4)002 



To: Nikhil S. Mehta, PhD. 


From: Ryan Barraco 


*• 

Fax: 617-613-4444 


Fax: 301-796-9905 


Phone: 617-613-4531 


Phone: 301-796-0846 


Pages, including cover sheet: 8 


Date: November 28, 2006 


Re: IND 61 ,220 for GA-GCB - Full Clinical Hold Letter 


Comments: 




Courtesy Fax 






™S DOCUMENT IS INTENDED ONLY FOR THE USE OF THE PARTY TO WHOM XI IS ADDRESSED AND MAY CONTAIN 
INFORMATION THAT IS PRIVILEGED, CONFIDENTIAL AND PROTECTED FROM DISCLOSURE UNDER APFUCABLE LAW. If you 
are not die addressee* or a person authorized to deliver the document to the addressee, you ore hereby notified tot any review, disclosure, 
tossemmatiQn or other action based oa the coirtMl of tte conmrunication is not authorized. If yorj have received this document in error, please 
tmnredratefy notify as by telephone and retnm ii to us at the above address by mail. Thank yon. 
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DEPARTMENT OF HEALTH & HUMAN SERVICES 



Public Health Service 



Food and Drug Administration 
Rockwlte, ME> 20857 



IND 61,220 



FULL CLINICAL HOLD 



Shire Human Genetic Therapies 

Attention: Nikhil Mehta, Ph JX 

Vice President, Global Regulatory Affairs 

700 Main Street 

Cambridge, MA 02139 

Dear Dr. Mehta: 

Please refer to your Investigational New Drug Application (IND) submitted December 30, 2003, 
received December 3 1 , 2003, under section 505© of the Federal Food, Drug, and Cosmetic Act 
for Gene Activated® Glucocerebrosidase (GA-GCB), 

We also refer to your amendment dated August 3. 2006 (serial # 035). and to the 
November 20, 2006, telephone conversation between you and our Division, in which yon were 
notified that your IND is on clinical hold and any proposed studies may not be initiated He 
following are the specific deficiencies [21 CFR 312.42(b)] and the information needed to resolve 
these deficiencies. 

Insufficient information to assess risks to human subjects [21 CFR 3 12.42(b)(2)0i)]. 

Clinical Hold Deficiencies 

The chemistry, manufacturing, and controls (CMC) amendment dated August 3, 2006, 
did not demonstrate that the two manufacturing processes for Gene Activated® 
Glucocerebrosidase (GA-GCB) yield drug substances (DS) with comparable 
physicochemical characteristics. The comparability data provided in this amendment 
revealed that there were the following physicochemical differences between DS produced 
by the two processes: 



a. For die glycan mapping, the total percentage of Group 1 carbohydrates is different 
between the two DS, and it appears that relative proportions of individual peaks 
within Group 1 are different in the two DS* 

b. Although the predominant peaks C, D, and E in IEX-HPLC constitute more than 
75% of the total peak area and meet the acceptance criteria, there is a significant 
shift in the proportion of each peak, which does not appear to be due to assay 
variability. 

c. The pattern of bands detected by IEF gels Coomassie stained is different in DS 
manufactured with the serum containing process (E303-006) versus DS 
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manufactured with the animal-free process (EP06-003). At least one additional 
acidic species is present in E303-006. 

As you intend to use the DS manufactured using the new manufacturing process in your 
proposed Phase 3 clinical study, and as this DS has not been evaluated in preclinical or 
clinical studies,, insufficient information exists with this DS to assess the risks to human 
subjects for the proposed Phase 3 clinical investigation. 

Information needed to resolve clinical hold deficiencies 

1 . You must demonstrate the comparability of DS by the two manufacturing processes 
as set forth in the "Guidance for Industry QSE Comparability of 
Biotechnologtcal/Biological Products Subject to Changes in their Manufacturing 
Process." 

2. Alternatively, you may propose to perform your Phase 3 clinical study using the same 
DS administered in the completed Phase 1/2 study and in the pre-ciinical testing 
conducted in support of this Phase 1/2 study. 

3. Alternatively, you may propose to repeat pre-clinical and clinical studies wife DS 
manufactured using the new manufacturing method, which are needed to support the 
proposed Phase 3 clinical study. These studies are to include: 

a. A head-to-head comparison of the two DS in in vitro and in viva 
pharmacology studies to demonstrate comparability of the two DS on the 
primary pharmacological effect of GA-GCB. 

b. A head-to-head tissue distribution comparison of the two DS in Sprague 
Dawley rats of both sexes. 

c. A clinical study to assess the pharmacokinetics, pharmacodynamics, and 
preliminary safety of GA-GCB administration. 

Until you have submitted the required information, and we notify you that you may initiate the 
trial, you may not legally conduct the identified clinical study under this IND. 

Please identify your response to the clinical hold issues as a "CLINICAL HOLD COMPLETE 
RESPONSE.** To facilitate a response to your submission, submit this information in triplicate to 
the IND. hi addition, send a copy of the cover letter to Ryan Barraco. 

Following receipt of your complete response to these issues, we will notify you of our decision 
within 30 days. 

In addition, we have the following recommendations and requests that are important for product 
development, but are not clinical hold issues at this time. Your responses to any non-hold issues 
should be addressed in a separate amendment to the IND. 
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cm 

Regarding characterization and release testing: 

1. You are currently measuring enzymatic activity using a surrogate substrate. 
In order to properly characterize DS and drug product (DP), measurements of 
the Km and kcat kinetic parameters using a physiologically relevant substrate 
should be performed. 

2. Routine DS and DP release testing should also include (i) measurements of 
the Km and kcat kinetic parameters using a physiologically relevant substrate, 
and (ii) a quantitative assessment of receptor binding and uptake by 
macrophages. Please note that glycan mapping is not considered to be a 
potency assay from a regulatory perspective. 

3. An in-depth characterization of the glycan structures in GA-GCB, with 
information on branching and size of the glycan chains, marmoset content 
and residual content of NANA should be performed. Adequate assays that 
allow for control of carbohydrate content and structure should be included in 
release testing. 

4. Hie area for each peak identified in groups 1, 2 and 3 of the glycan mapping 
assay should be specified in your release testing. 

5 . N-termmal sequencing and Western blotting for identity, and Ion Exchange 
Chromatography for purity were not performed at release testing for the 
clinical lots of DS. These tests assess critical product attributes and should be 
maintained as release tests. 

6. Your current DS acceptance criteria for RP-HPLC and SE-HPLC are > 94% 
of the main peak area. From the results of batch analysis, it appears that on 
average, RP-HPLC purity is about 98% and SE-HPLC is about 97%. 
Acceptance criteria should be established based on process capability and 
manufacturing experience, and we recommend establishing more stringent 
specifications. 

7. It appears that the new process generates a DS with a higher percent of 
aggregates (by comparison of batch analysis results). These aggregates should 
be characterized, and an orthogonal method to detect aggregates should be 
used to validate SE-HPLC. 

8. It is not clear whether studies were performed to detect impurities that could 
arise from the DP manufacturing process* The increase in aggregation of 
GA-GCB during DP manufacturing should be documented, and procedures 
implemented to minimize aggregate formation. 



11/28/2006 13:22 FAX 3014439285 DGP 



IND 61,220 
Page 4 

9. You have significantly changed DP acceptance criteria for SE-HPLC and 
RP-HPLC to > 92% main peak area. Although you justify these acceptance 
criteria based on limited manufacturing experience, they appear to allow for 
excessive amounts of aggregates and impurities in the DP. Acceptance criteria 
should be established based on process capability and manufacturing 
experience, and we recommend establishing more stringent specifications. 

Regarding the manufacturing process; 

10. You provided flow charts for the manufacturing process that include in- 
process controls. It appears that the only in-process control in the purification 
step is protein recovery. We recommend inclusion of additional in-process 
tests that could provide information on purity such as, but not limited to, SDS- 
PAGE reducing and non-reducing. 

11. You stated that impurities derived from the culture medium, such as plant 
hydrolysates, kifunensine and DTT will be removed during the purification 
process. You should provide supportive data for the above claims. Presence 
of impurities should be assessed and specified at critical steps, and in lot 
release. Alternatively, removal of the process-related impurities must be 
validated. 

1 2. Acceptance criteria for HCP content should be modified to reflect the actual 
capability of the process to remove these impurities. Currently, acceptance 
criterion is <200 ngfaig, and the actual results range from 7 to 23 ng/mg. 

13. You state that antibodies have been raised against protein lysates from cells 
growing in serum-free and serum-containing medium. Please clarify which 
antibodies have been used to develop the ELISA and Western blotting assays. 

Regarding stability: 

14. It is important to demonstrate that critical drug potency parameters are not 
altered at the indicated storage temperature. Please include the following 
assays in your stability testing program for DS and DP: 

a. Macrophage uptake assay and receptor binding assay. 

b. Measurements of the K,,, and Ic** kinetic parameters. 

c. All assays should be evaluated for stability indicating potential 

15. Please refer to ICH QSC for guidance on stability studies for biotechnology 
products. 
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Regarding cell banks: 

16. You provided a stability program for MCB and WCB of up to four years. 
Viability and growth should be assessed at later times as well, to ensure that a 
constant supply of starting material is reproducibly available. 

17. Please submit data regarding viral clearance by filtration for review as soon as 
they are available. 

Clinical/Statistical 

Regarding your proposed Phase 3 clinical protocol: 

18. Your protocol contains a large number of secondary endpoints. If you intend 
to use any of these secondary endpoints to support the indication for the 
treatment of type 1 Gaucher disease with GA-GGB, you will need to include 
in your statistical analysis plan a proposal for evaluating these endpoints in a 
statistically rigorous manner that accounts for multiplicity. 

19. Please provide a rationale for performing pharmacokinetic sampling to 
evaluate the multiple-dose pharmacokinetics of GA-GCB at Week 37. 

20. Your protocol excludes from study participation patients who are anti- 
hniglucerase IgG antibody positive. As stated at the End of Phase 2 (EOP2) 
meeting on January 1 1 , 2006, it is likely that at least some of the patients in 
clinical practice who transition from Cerezyme® to GA-GCB will be IgG 
anti-imiglucerase antibody positive. We recommend that the inclusion criteria 
be broadened to include type 1 Gaucher Disease patients regardless of 
imiglucerase-antibody status, as inclusion of these patients would more 
accurately represent the expected clinical use of GA-GCB, and would support 
the use of GA-GCB in a broader patient population. 

2 1 . The stopping rules for your study (in protocol section 9.4) state that "If any 
patient experiences a life-threatening (Grade 4) serious adverse event (SAE), 
or death occurs that is considered possibly or probably related to the study 
drug, the decision to stop the study requires agreement by the Shire HGT 
Medical Monitor, the Investigator, and the IRB/EEC." Please revise the 
stopping rules for the study based on specific safety criteria, rather than on the 
subjective assessment of events by study personnel. 

22. The procedures for Serious Adverse Event (SAE) reporting (in protocol 
section 9.3.1) state that "Any SAE that occurs after administration of the first 
dose of GA-GCB must be reported in fee event of a severe, possibly or 
probably related AE or SAE..." Please revise the SAE reporting procedures in 
your protocol to more accurately reflect the requirements under 

21 CFR 31232(c)(1) and (2), whereby The sponsor shall notify FDA and all 
participating investigators in a written IND safety report of: (A) Any adverse 
experience associated with the use of the drug that is both serious and 
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unexpected. . . n and 'The sponsor shall also notify FDA by telephone or by 
facsimile transmission of any unexpected fatal or life-threatening experience 
associated with the use of die drug... in no event later than 7 calendar days...*' 
Please note that this requirement does not include a subjective assessment 
(possibly or probably related) of the event 

23. Please revise your protocol so that all pediatric patients participating in the 
study are to undergo assessments of growth at regular intervals in the study. 
Assessments of growth including, at minimum, assessments of height and 
weight, are to be obtained in a standardized manner that arc to be delineated in 
the study protocol (eg., height measured via a calibrated stadiometer, and the 
final measurement taken as an average of three measurements). 

24. Your sample Informed Consent form states (on page 5. paragraph 7) that 
children as young as two years of age will be undergoing magnetic resonance 
imaging (MRI) testing. In young children, sedation is often required for MRI 
testing. We recommend that you revise your sample Informed Consent form 
to note the possible need for sedation in pediatric patients for MRI testing, and 
an explanation of the risks of sedation in these patients. 

Please cite the IND number listed above at the top of the first page of any communications 
concerning this application. Send all submissions, electronic or paper, including those sent by 
overnight mail or courier, to the following address: 

Food and Drug Administration 
Center for Drug Evaluation and Research 
Division of Gastroenterology 
5901-B Ammendale Road 
Beltsvflle, MD 20705-1266 

If you have any questions, call Ryan Barraco, Regulatory Project Manager, at (301) 796-0846, 

Sincerely, 

(See appended electronic signature page} 

Brian E. Harvey, MD., Ph.D. 
Director 

Division of Gastroenterology Products 

Office of Drag Evaluation EI 

Center for Drug Evaluation and Research 
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Attachment I 

Letter from FDA to Shire Human Genetic Therapies, Inc., dated December 21, 
2006, removing the clinical hold and indicating that the protocol can be initiated 



DEPARTMENT OF HEALTH & HUMAN SERVICES 



Public Health Service 



IND 61,220 

Shire Human Genetic Therapies 

Attention: Nikhil Mehta, PkD. 

Vice President, Global Regulatory Affairs 

700 Main Street 

Cambridge, MA 02139 



REGULATORY AFFAIRS 
RECEIVED 



Food and Drug Administration 
Rockyi0e, MD 20857 

REGULATpffT AFFAIRS ife^V 

Reived 




JAN 5 awo 

SHIRE HGT 



Dear Dr. Mehta; ■ • ^ 

Please refer to your Investigational New Drug Application (IND) submitted December 30, 2003, 
under section 505(i) of the Federal Food, Drug, and Cosmetic Act for Gene Activated 
Glucocerebrosidase (GA-GCB). 



We also refer to your amendment dated No vember 30 ? 2006 (serial # 041), which previa a 



complete response to our December 7, 2006, letter which cited the reasons for placing Protocol 
TKT032, titled "A Multi-center, Randomized, Double-Blind, Parallel Group, Two-Dose Study of 
Gene-Actiyated™ Human Glucocerebrosidase (GAGCB) Enzjme Replacement Therapy in 
Patients with Type I Gaucher Disease," on clinical hold and the information needed to resolve 
the clinical hold issues. 



We have completed the review of your submission, and have concluded that the above protocol 
may be initiated. 

We have the following comments, however, regarding your clinical development program: 

A direct comparison of IEX-HPLC and glycan mapping data for drug substance (DS) lots 
E303-005, E303-006, E303-007, and EP06-003 indicate that physico-chemical 
differences exist between the DS manufactured with different processes that were used in 
clinical trials. However, these differences do not appear to pose a serious safety risk to 
human subjects, and clinical trials with the Animal Free (AF) DS appear to be safe to 
proceed at this time. Nevertheless, in view of these differences, please be aware that you 
might not be able to use the Phase 1 clinical data generated using the serum-containing 
DS to support a future marketing application for GA-GCB. 

As sponsor of this IND, you are responsible for compliance with the Federal Food, Drug, and 
Cosmetic Act and the implementing regulations (Title 21 of the Code of Federal Regulations). 
Those responsibilities include (1) reporting any unexpected fetal or life-threatening adverse 
experience associated with use of the drug by telephone or fax no later than 7 calendar days after 
initial receipt of the information [21 CFR 312.32(c)(2)]; (2) reporting any adverse experience 
associated with use of the drug that is both serious and unexpected in writing no later than 
15 calendar days after initial receipt of the information [21 CFR 312.32(c)(1)]; and (3) 
Submitting annual progress reports [2 1 CFR 3 1 2.33], 
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If you have any questions, call Ryan Barraco, Regulatory Project Manager, at (301) 796-0846. 

Sincerely, 

{See appended electronic signature page} 

Brian E. Harvey, M.D., Ph.D. 
Director 

Division of Gastroenterology Products 

Office of Drug Evaluation HI 

Center for Drug Evaluation and Research 



SHIRE HGT 



This Is a representation of an electronic record that was signed electronically and 
this page is the manifestation of the electronic signature. 



/s/ 



Brian Harvey 
12/21/2006 05:11:30 PM 
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Inventors: Peter Francis Daniel 
Assignee: Shire Human Genetic Therapies, 
Inc. 
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Attachment J 

Letter from FDA to Shire Human Genetic Therapies, Inc., dated September 14, 
2009, acknowledging receipt of the final submission of the NDA 



Food and Drug Administration 
Silver Spring MD 20993 



NDA 22575 

Shire Human Genetic Therapies, Inc. 

Attention: Nikhil Mehta, PhD. 

Vice President, Global Regulatory Affairs 

700 Main Street 

Cambridge, MA 02139 



Dear Dr. Mehta: 

We have received your new drug application (NDA) submitted under section 505(b) of the 
Federal Food, Drug, and Cosmetic Act (FDCA) for the following: 



NDA ACKNOWl 



NT 

„ HGT 



SEP I 4 2009 

Received 



Name of Drug Product: TRADENAME (velaglucerase alfa) 

Date of Application: August 3 1 , 2009 

Date of Receipt: August 3 1 , 2009 

Our Reference Number: NDA 22575 



Unless we notify you within 60 days of the receipt date that the application is not sufficiently 
complete to permit a substantive review, we will file the application on October 30, 2009, in 
accordance with 21 CFR 314.101(a). 

If you have not already done so, promptly submit the content of labeling [21 CFR 
314.50(l)(l)(i)] in structured product labeling (SPL) format as described at 
http://www.fda.gov/oc/datacouncil/spl.html. Failure to submit the content of labeling in SPL 
format may result in a refusal-to-file action under 21 CFR 314.101(d)(3). The content of 
labeling must conform to the content and format requirements of revised 21 CFR 201.56-57. 

The NDA number provided above should be cited at the top of the first page of all submissions 
to this application. Send all submissions, electronic or paper, including those sent by overnight 
mail or courier* to the following address: 



Food and Drug Administration 
Center for Drug Evaluation and Research 
Division of Gastroenterology Products 
590 1-B Ammendale Road 
Beltsville, MD 20705-1266 
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All regulatory documents submitted in paper should be three-hole punched on the left side of the 
page and bound. The left margin should be at least three-fourths of an inch to assure text is not 
obscured in the fastened area. Standard paper size (8-1/2 by 1 1 inches) should be used; however, 
it may occasionally be necessary to use individual pages larger than standard paper size. 
Non-standard, large pages should be folded and mounted to allow the page to be opened for 
review without disassembling the jacket and refolded without damage when the volume is 
shelved. Shipping unbound documents may result in the loss of portions of the submission or an 
unnecessary delay in processing which could have an adverse impact on the review of the 
submission. For additional information, please see http://www.fda.gov/cder/ddms/binders.htm . 

If you have any questions, call me at (301) 796-0069. 



Sincerely, 

{See impended electronic signature page} 

R. Wesley Ishihara 

Regulatory Health Project Manager 

Division of Gastroenterology Products 

Office of Drug Evaluation III 

Center for Drug Evaluation and Research 
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